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"Há um tempo em que é preciso abandonar as roupas usadas, que já tem a forma do 
nosso corpo, e esquecer os nossos caminhos, que nos levam sempre aos mesmos 
lugares. É o tempo da travessia: e, se não ousarmos fazê-la, teremos ficado, para 
sempre, à margem de nós mesmos." 
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ABSTRACT 
In the last few years the usage of personal care products (PCPs) such as musk 
fragrances and UV filters has rapidly increased leading to a rise of deleterious effect in the 
marine biota. Even at low doses, PCPs may cause synergic toxicity effects and 
cumulative stress in exposed organisms. As most of musk and UV filter compounds are 
hydrophobic, they tend to accumulate in aquatic organisms, the main route of human 
contamination. Facing an increasing consumption of seafood, more studies are needed in 
order to access the real threat that these compounds represent to aquatic environment 
and ultimately to humans.  
Mussels have been extensively used as “sentinel” species in a large number of monitoring 
programs because they combine many characteristics required by bioindicator species: 
abundance and easy to catch, wide geographical distribution and restrict home range. 
In view of this, the main objective of the present work was to develop and validate a 
method based on Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) 
extraction followed by Dispersive Liquid Liquid Micro Extraction (DLLME) and Gas 
Chromatography with Mass Spectrometry (GC–MS) analysis for the simultaneous 
determination of musks and UV filters in wild mussel samples. The optimized method was 
further used in the assessment of musks and UV filters in mussel samples collected from 
seven sites along the 1,115 miles of coastline in Portugal during 2015. 
Very good figures for linearity (correlation coefficient > 0.995), intra and inter-day 
repeatability (maximum coefficient of variation of 15%) and recovery (69-72%) were 
obtained for all seven musks and five UV filters under study. Detection and quantification 
limits varied between 0.5 to 50 ng/g (dw) for musk fragrances and from 0.5 and 5 ng/g 
(dw) for UV filters. The application of the method to mussel samples showed the presence 
of 5 out 7 musks studied, with positive levels ranging from 9.3 to 159.4 ng/g (dw). The 
same samples showed the presence of all the 5 UV filters studied, with positive 
concentrations ranging from 5.4 to 622.1 ng/g (dw). The occurrence of the target 
compounds showed large variations depending on localization or season. Higher levels 
were detected after the bathing season in October. The highest total concentrations of 
musk and UV filters were found in samples collected in Algés, with levels up to 1077.4 
ng/g (dw). Overall the study showed that musks and UV filters contamination was 
widespread in mussels along the coastal waters of Portugal. The levels of these 
contaminants tend to be higher in areas of high population density after the summer 
period.  
Keywords: Musk fragrances; UV filters; QuEChERS; seafood. 
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RESUMO 
Nos últimos anos, a utilização de produtos de higiene pessoal que contêm químicos como 
fragâncias sintéticas e filtros UV tem aumentado rapidamente. Este aumento na utilização 
e consequente descarga para o meio aquático provoca efeitos nefastos nos organismos 
aquáticos. Como a maioria das fragâncias sintéticas e dos filtros UV apresentam um 
carácter hidrofóbico, tendem a acumular-se nos organismos aquáticos. Perante o 
aumento do consumo de pescado, esta representará uma via cada vez mais importante 
de contaminação humana. Mais estudos são necessários para avaliar o verdadeiro 
impacto que estes compostos têm no meio aquático e, em última instância, nos seres 
humanos. 
Os mexilhões têm sido amplamente utilizados como bioindicadores em programas de 
monitorização ambiental pois reúnem características ideais, tais como abundância, 
facilidade de captura, ampla distribuição geográfica e comportamento séssil. 
O principal objetivo deste trabalho foi adaptar e validar um método baseado na 
combinação de metodologias de tratamento e extracção de amostra “QuEChERS” (do 
inglês Quick, Easy, Cheap, Effective, Rugged and Safe) e microextração dispersiva 
líquido-líquido (DLLME) seguida da análise por cromatografia gasosa com espectrometria 
de massa (GC-MS) para a determinação simultânea de fragâncias sintéticas e filtros UV 
em amostras de mexilhões recolhidas em sete locais ao longo dos 943 km de costa em 
Portugal, durante 2015. 
Na optimização do método, coeficientes de correlação superiores a 0,995 para a 
linearidade, coeficientes de variação (RSD %) inferiores a 15% para a repetibilidade e 
reprodutibilidade e valores de recuperação entre 69 e 72% foram obtidos para as sete 
fragâncias sintéticas e cinco filtros UV em estudo. Os limites de detecção e de 
quantificação variaram entre 0,5 a 50 ng/g (peso seco) para fragâncias sintéticas e entre 
0,5 e 5 ng/g (peso seco) para os filtros UV. As amostras analisadas apresentaram 5 das 7 
fragâncias sintéticas em estudo, com concentrações positivas entre 9,3 e 159,4 ng/g 
(peso seco). Todos os filtros UV foram detectados nas amostras com concentrações 
positivas entre 5,4 e 622,1 ng/g (peso seco). Verificou-se uma variação sazonal e 
geográfica na ocorrência destes compostos. Níveis mais elevados foram detectados após 
a época balnear em Outubro. As maiores concentrações totais de fragâncias sintéticas e 
filtros UV foram observados em Algés, com níveis até 1077,4 ng/g (peso seco). 
No geral, observou-se uma contaminação disseminada de fragâncias sintéticas e filtros 
UV em mexilhões ao longo das águas costeiras de Portugal. Os níveis destes 
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contaminantes em mexilhões tendem a ser maiores em áreas de alta densidade 
populacional após o período de verão. Os mexilhões podem ser um bom bioindicador de 
fragâncias sintéticas e de filtros UV na avaliação da contaminação das águas costeiras, 
devido à sua atividade como filtradores. 
Palavras-chave: fragâncias sintéticas; filtros UV; QuEChERS; pescado. 
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Chapter 1 – Introduction 
1.1. Seafood Consumption: a pathway to human contamination 
The intake of contaminated food may cause some concerning hazardous effects in human 
beings (2). Humans are consumers of fish and seafood, being a potential route of human 
exposure to chemicals in the environment (3). Aquatic organisms store chemical 
substances either directly from the surrounding environment or from their diet. There are 
two phenomena associated with this: bioaccumulation, which can be defined as the total 
uptake of a substance from the environment and its accumulation over time, and 
biomagnification, in which a substance present in the environment is transferred to the 
food chain, from organism to organism, being the concentration of that substance in an 
organism higher to that in the food source (4).  
1.1.1. Worldwide seafood consumption/production 
Seafood consumption plays a crucial role in human health and wellbeing. Fisheries are 
likely to become even more important as populations continue to increase and the 
pressures on scarce land for agriculture continue to grow, pushing more people towards 
fisheries as a ‘last-resort’ activity. In a world with an increasing demand for available 
protein, fish and fishery products represent a valuable source, as a portion of 150 g of fish 
provides about 50–60% of the daily protein requirements for an adult (5). 
As it can be seen in Table 1, global fishery capture in marine waters, showed a decrease 
between 2007 and 2010, from 80.7 to 77.8 million tonnes (5). In 2011, an inversion of the 
tendency was observed with an increase to 82.6 million tonnes, followed by an estimated 
new decrease in 2012 to 79.7 million tonnes. Global inland water capture production will 
reach 11.6 million tonnes in 2012, reflecting an increasing tendency, but its share in total 
global capture production still does not exceed 13% (6). 
Global aquaculture production will attained an all-time high of 66.6 million tonnes in 2012. 
China alone is estimated to produce 43.5 million tonnes of food fish and being the largest 
exporter of fish and fishery products. However, since 2011, it has become the world’s 
third-largest importing country, after the United States of America and Japan. The 
European Union is the largest market for imported fish and fishery products, and its 
dependence on imports is growing (5). 
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Table 1 - World fisheries and aquaculture production and utilization, adapted from FAO 
(2014). 
2007 2008 2009 2010 2011 2012 
Production (million tones) 
Capture 
Inland 10.1 10.3 10.5 11.3 11.1 11.6 
Marine 80.7 79.9 79.6 77.8 82.6 79.7 
Total capture 90.8 90.1 90.1 89.1 93.7 91.3 
Aquaculture 
Inland 29.9 32.4 34.3 36.8 38.7 41.9 
Marine 20.0 20.5 21.4 22.3 23.3 24.7 
Total aquaculture 49.9 52.9 55.7 59.0 62.0 66.6 
Total World Fisheries 140.7 143.1 145.8 148.1 155.7 158.0 
Utilization 
For human consumption 117.3 120.9 123.7 128.2 131.2 136.2 
For other purposes 23.4 22.2 22.1 19.9 24.5 21.7 
Population (billions) 6.7 6.8 6.8 6.9 7 7.1 
Per capita food fish suply 17.6 17.9 18.1 18.5 18.7 19.2 
Note: Excluding aquatic plants. Totals may not match due to rounding. 
1 Data in this section for 2012 are provisional estimates. 
 
The proportion of fisheries production used for direct human consumption increased from 
about 71 % in the 1980s to more than 86 % (136.2 million tonnes) in 2012, with the 
remainder (21.7 million tonnes) destined to non-food uses (e.g. fishmeal and fish oil). Per 
capita food fish supply continued to rise up reaching an estimate of 19.2 million tonnes in 
2012 (6). These raising tendencies in fish and seafood consumption, illustrates the 
potential route of human exposure to chemicals in the environment through diet. 
1.1.2. Portugal in the EU top of seafood consumption 
Portugal, with its Exclusive Economic Zone (EEZ), has an enormous fishing area of 
approximately 1 700 000 km², the fourth largest in the EU (after France, the UK and 
Denmark) and the 21st largest worldwide. It has also an extense mainland continental 
coastline of 942 km long and two large island regions (Madeira and Açores). The country 
has always relied on fishing as a major mean of subsistence, in particular for the coastal 
communities that have a great dependence on fisheries and related activities (7).  
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Fig. 1 – 2010 data for consumption of fishery and aquaculture products (quantity in live 
weight (Kg/inhabitant/year) in EU, adapted from Common Fisheries Policy (2014). 
 
Portugal is the largest consumer of fish in the EU, with about 60 kg per capita, per year, 
well above the Community average of 23 kg per capita/year (Fig. 1). Consumption per 
capita represents the total apparent consumption divided by the number of inhabitants of 
a country (6). 
Cod is the top preferred specie in Portugal, with an estimated consumption around 30 kg 
per year (fresh fish equivalent). In terms of catches, sardine is the main Portuguese catch 
and the leading resource in Portuguese waters (7). In 2007, landings of fresh and chilled 
fish amounted to 210 000 tonnes, corresponding to a net worth of 275 million € (8). 
Among seafood, crustaceans and bivalve molluscs are greatly appreciated by European 
consumers from a social and gastronomical point of view, particularly in the 
Mediterranean countries. Seafood and bivalves in Portugal, shellfish in Greece, and 
oysters, mussels and seafood in France are among of the consumer preferences in those 
countries. In Portugal, the most consumed crustacean groups are shrimps, prawns and 
brown crab. Concerning bivalves the most important species consumed are the pullet 
carpet shell clam, grooved shell dam, representing 66% of the overall bivalve 
consumption. Mussels and oysters account for 32%. The consumption of shellfish varies 
seasonally, increasing in summer, particularly for bivalves (9).  
This seasonal behaviour in bivalve consumption, if correlated with the reported seasonal 
occurrence of emerging contaminants in marine environment due to increased human 
recreational activities (10), can pose a risk to human health. High levels of contaminants 
were reported by Picot Groz et al. (2014) (11) in mussels collected along the Portuguese 
coast, during summer period, enhancing the need to understand the real impact of these 
compounds in the aquatic environment and ultimately to humans. 
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1.2. Personal care products as emerging environmental contaminants 
Personal Care Products (PCPs) is a generic name that describes a group of chemicals 
included in different products widely used in daily human life, such as toothpaste, 
shampoo, cosmetics and even in foods (12). They are not used for treatment of disease, 
but some may be intended to prevent diseases, as the case of sunscreen agents, 
protecting against the effects of sun radiation (13).  
The terms “personal care products” and “cosmetics” can be used with the same meaning, 
because there is no apparent difference between the two terms according to the definition, 
although in everyday language it could refer to slightly different issues. In Article 1 of the 
European Union (EU) Cosmetics Directive 76/768/EC (14) cosmetics are defined as “any 
substance or mixture intended to be placed in contact with the external parts of the human 
body (epidermis, hair system, nails, lips and external genital organs) or with the teeth and 
the mucous membranes of the oral cavity with a view exclusively or mainly to cleaning 
them, perfuming them, changing their appearance, protecting them, keeping them in good 
condition or correcting body odours”.  
Many chemicals that have not historically been considered as contaminants are present in 
the environment on a global scale. These “emerging” contaminants, previously unknown 
chemical pollutants in the environment, and the risks associated with them have been 
considered a major concern for environmental scientists, due to their frequent detection in 
the aquatic environment (13). 
PCPs are among the most commonly detected compounds in surface water throughout 
the world, but relatively little is known about their toxicity (13). They are released into the 
environment unaltered through normal human usage, at levels greater than 
pharmaceuticals so attention is being given to identify environmental concentrations and 
potential toxicity (15). The occurrence of PCPs in waters is not a new phenomenon, it has 
only become more widely evident in the last decade because continually improving of the 
analytical methodologies that allow even lower detection limits and the ability to detect 
polar compounds (16). While already used in vast quantities, the consumption and usage 
of PCPs are only expected to increase. An inevitable consequence of this increased 
consumption of PCPs is higher levels of their discharge into the environment (16). 
Personal care products, such as musk fragrances and sunscreen agents, tend to be very 
lipophilic, displaying all the qualities of conventional persistent organic pollutants (POPs), 
ubiquitous, persistent, and bioaccumulative, like musk and sunscreen agents (13). 
The occurrence of PCPs in the environment highlights the immediate connection between 
the individual activities of consumers and their environment. In contrast to other types of 
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pollutants, PCPs owe their origins in the environment directly to their worldwide usage and 
direct disposal by individuals (17). 
PCPs can enter the environment directly, following their application by the user in day by 
day activities, or indirectly via excretion after some dermal absorption, and through 
industrial wastewater discharges in their manufacturing processes (1). Disposal of unused 
or expired PCPs in landfills and to domestic sewage are additional routes to the 
environment (Fig. 2). The aquatic environment serves as the ultimate receptacle for most 
PCPs (17). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 - Sources of Personal Care Products in the aquatic environment, adapted from 
Giokas et al. (2007) (1). 
Any chemical introduced to the aquatic domain can lead to continual exposure for aquatic 
organisms acting as if they were persistent, because their continual infusion into the 
aquatic environment leads to lifelong multi-generational exposures for aquatic organisms, 
even if their half-lives are short, reaching a scale of worldwide ubiquity (13).  
Although environmental persistence usually is a major determinant of exposure in the 
environment, for pollutants that are used on a continual basis and are introduced to the 
environment through Waste Water Treatment Plants (WWTPs), the supply is continually 
replenished. This is especially true for aquatic organisms, which are captives of their 
environment and perpetually exposed (13). 
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The main categories of PCPs, according to their purpose, include disinfectants/antiseptics 
(e.g. triclosan), preservatives (e.g. parabens), fragrances (e.g. musks), insect repellants 
(e.g. N, N-diethyl-meta-toluamide), and UV filters (e.g. 4-methylbenzylidene camphor) 
(18).  
Taking in consideration their tendency to bioaccumulate in aquatic biota, this study will 
focus in two of these categories: musk fragrances and UV filters. 
1.2.1. Musk fragrances  
Fragrances are a group of compounds whose function is to offer a pleasant scent to any 
manufactured good, being widely used in PCPs. They can be divided into natural 
fragrances, consisted in floral and animal extracts, and synthetic fragrances or musks. 
Probably the most studied class of PCPs, fragrances have been identified in 
environmental samples over more than 30 years ago by Yamagishi et al. (1981) and are 
believed to be ubiquitous contaminants in the environment (18).  
Synthetic musks are the most commonly use fragrances nowadays, which are found in a 
diversity of products like household chemicals, soaps and detergents, with high 
concentrations in perfumes, body lotions and deodorants (12). Synthetic musks can be 
divided into two major classes: the nitro musks, introduced into commerce in late 1800s, 
phased out of use in many parts of the world because toxicity concerns; and the polycyclic 
musks. They are both water soluble, but with high octanol/water coefficients indicating 
potential for bioaccumulation in aquatic species (13).  
Nitro musks are being withdrawn from the European market, because of the findings 
about the toxicity of their transformation products in the environment (transformation of the 
nitro groups into aniline compounds) (12). As an alternative, polycyclic musks were 
developed and introduced in market in 1950s. Galaxolide (HHCB) and tonalide (AHTN) 
are the most used in PCPs and due to their high lipophilicity, they tend to bioaccumulate, 
affecting the biota at low trophic levels (19). The risk of dermal application in humans is 
unknown, but their continual exposure through perfumed products is high, the probable 
continual introduction of these benzoates into sewage treatment systems and directly to 
recreational waters from the skin leads to the question of risk to aquatic organisms (13). 
 
1.2.2. UV filters  
Recognition of the harmful effects of ultraviolet (UV) radiation on the skin has triggered the 
development of chemicals, commonly referred as UV filters, that can absorb UV radiation 
and attenuate the negative effects of sunlight exposure (1). 
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UV filters are compounds designed mainly to protect our skin against damage by UV 
radiation, ideally providing protection in both UVB and UVA range (20). These compounds 
can either be organic (chemical) absorbers or inorganic (physical) blockers, depending on 
the basis of their mechanism of action (21). 
The focus of this work will be in the organic UV filters (UV filters) because they constitute 
an enormous group of emerging environmental pollutants, potentially hazardous 
compounds that have been receiving steadily growing attention over the last decade. 
They include different families of compounds like camphors, benzophenones, cinnamates, 
triazines, among others (21). 
These chemicals can be found not only in cosmetics but also in other PCPs, including skin 
care, facial makeup, and lip care products (15) and in other kind of products like food 
packaging, pharmaceuticals, plastics, textiles, and vehicle maintenance products to 
prevent photodegradation of polymers and pigments (22). 
1.3. Legislation regulating marketed products 
The three main regulatory systems on cosmetics products over the world are the 
European Union (EU) Cosmetics Directive, the United States (US) Food and Drug 
Administration (FDA) and the legislation in Japan (1). 
Everyday cosmetics range from products such as soap, shampoo, deodorant, and 
toothpaste to luxury beauty items including perfumes and makeup. These products are 
regulated at European level to ensure consumer safety and to secure an internal market 
for cosmetics (23). The new EU Regulation 1223/2009 has been in force since 11 July 
2013, replacing Directive 76/768/EC, which was adopted in 1976 and had been 
substantially revised on numerous occasions (24). 
The European Parliament has recently recognized musk fragrances and UV filters as 
important organic contaminants of the aquatic environment due to their lipophilic 
properties (log Kow ≥ 4.30) and their potential for bioaccumulation (23). Emission limit 
values (ELVs) have not yet been established for this group of substances. However, 
maximum allowable concentrations (MACs) and annual averages (AAs) for priority 
substances and other contaminants in surface water and biota are already defined by the 
Directive 2000/60/EC, such as the case of hexachlorobenzene, hexacyclohexane and 
mercury, in biota (10, 50 and 20 µg/kg dw, respectively) (11).  
Musk fragrances 
The EU Cosmetics Regulation (24) establishes a set of rules to be fulfilled by every 
cosmetic product to be placed on the market as well as provides a list of amount of 
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chemicals allowed in their composition. For example, the musk ketone is allowed in all 
cosmetic products with the exception of oral products, being the maximum amounts 
allowed of 1.4% in fine fragrance, 0.56% in eau de toilette and 0.04% in other products.  
Due to toxicological aspects such persistence and bioaccumulation tendency, the nitro 
musk moskene is not allowed to use in Europe being listed in the Annex II of the EU 
Regulation (EC) N°, 1223/2009 for prohibited substa nces in cosmetics. Musks xylene and 
ketone were recommended for authorization under REACH and voluntarily banned by the 
International Fragrance Association (IFRA) (25), being listed in the Annex III list of 
substances which cosmetic products must not contain except subject to the restrictions 
laid down. In contrary, the polycyclic musks galaxolide (HHCB) and tonalide (AHTN) are 
used in high quantities. Due to their lipophilicity and persistence these substances tend to 
accumulate in fatty tissues causing magnification in the food chain being found in water 
and aquatic organisms as well as in human fat, blood and breast milk (26). 
UV filters 
Over the past few decades, sun protection measures have been rising as a result of 
worldwide educational interventions to reduce UV radiation exposure preventing skin 
damage, premature skin aging, and the risk of developing skin cancer. Consequently, 
consumers also demand PCPs with better protection against UV radiation (27).  
Although they should protect the consumer against adverse effects of the solar radiation, 
UV filters-containing PCPs have possible adverse effects in humans and in the aquatic 
environment.  
As illustrated in Figure 3, authorized contents of organic UV filters and product 
formulations of PCPs vary according to legislation in force in the countries/regions of 
manufacture, resulting in the spatial variation in the occurrence of these chemicals (28). 
Many new UV filters have been introduced in the last decade, with improved efficacy and 
safety. They are not available, however, in some countries, such as the USA, for 
regulatory reasons. For example, 26 UV filters are accepted by the Therapeutic Goods 
Administration in Australia and 31 UV filters are allowed in Japan. In Europe, Annex VI of 
the Regulation 1223/2009 lists 26 organic UV filters, whereas the sunscreen monograph 
in the USA mentions only 16, including only 10 in common with the EU. 
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Fig. 3 – Geographical variation in the legislation regulating UV filters in marketed products 
worldwide. 
In the Council Directive 98/83/EC (14), no references to UV filters are make on the quality 
of water intended for human consumption. The European regulation on classification, 
labelling and packaging (CLP) of substances and mixtures does not imply UV filters. 
However, if it was used, 12 of the 26 individual UV filters approved for use in cosmetics 
would meet the CLP classification as ‘hazardous to the aquatic environment’. Of these 12 
compounds, 2-Hydroxy-4-methoxybenzophenone (BP-3), 2-Ethylhexyl 4-
methoxycinnamate (EHMC) and 3-(4-Methylbenzylidene) camphor (4-MBC) would be 
classified according to the highest toxicity category, and the others would not be classified 
for lack of information (29). Safety assessment procedures before registration of UV filters 
are necessary in the United States, Australia, and Japan (2). 
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1.4. Chemical and physical properties 
1.4.1. Musk fragrances 
The environmental behaviour of a substance is determined by their physical and chemical 
properties. These include the solubility in water, vapour pressure and the octanol/water 
partition coefficient (Log Kow) or other partition coefficients such as those between water 
and environmental matrices like soil or the organic material in sewage sludge. Polycyclic 
musks are substituted indanes and tetralins. Galaxolide and tonalide are the two largest 
volume products in this group, representing about 95% of the EU market and 90% of the 
US market for all polycyclic musks. Other members of this group are celestolide (ADBI) 
and cashmeran (DPMI). 
Empirical and estimated values for the physical chemical properties of the polycyclic and 
nitro musks are included in Table 2 and 3, respectively. Various properties were estimated 
by quantitative structure–activity relationship (QSARs) models, based on molecular 
fragments. These estimates may be improved if empirical data for closely related 
substances are introduced. For the estimation of Log Kow, the data for galaxolide were 
used as additional input to estimate these properties for the others musks. This affects not 
only the results of Log Kow, but also of the estimates for the solubility in water. Common 
characteristics of the polycyclic musks are the hydrophobic behaviour and poor water 
solubility. Therefore the substances are expected to sorb onto organic matter and lipids in 
aquatic organisms. 
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Table 2 – Chemical and physical properties of polycyclic musk fragrances. 
Chemical 
family 
 
Acronym 
INCI name 
CAS number 
Chemical Structure 
 
MW Log Kow 
Solubility in water 
at 25 
o
C (mg/L)  
Vapor pressure 
(mm Hg) 
Polycyclic 
Musks 
Cashmeran  
 
6,7-dihydro-1,1,2,3,3-
pentamethyl-4(5H)-
indanone (DPMI) 
33704-61-9 
 
206.32 4.9 0.17 
3.9x10
-2
 
 
Celestolide  
4-acetyl-1,1dimethyl-6-tert-
butylindane (ADBI) 13171-00-1 
 
244.38 5.93 
0.22 
 
1.5x10
-4
 
 
Galaxolide  
 
1,3,4,6,7,8-hexahydro-
4,6,6,7,8,8-hexamethyl 
cyclopenta-(g)-2-
benzopyran  (HHCB) 
1222-05-5 
 
 
258.40 
5.9 
1.75 
 
5.2x10
-4
 
Tonalide  
7-acetyl-1,1,3,4,4,6-
hexamethyl-1,2,3,4- 
tetrahydronaphthalene 
(AHTN) 
1506-02-1 
 
 
 
258.40 5.7 
1.25 
4.5x10
-4
 
(-) not mentioned. 
 
 
 
 
O
O
 
O
 
O
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Table 3 – Chemical and physical properties of nitro and macrocyclic musk fragrances. 
 
Chemical family 
 
Acronym 
INCI name 
CAS 
number 
Chemical Structure 
 
MW Log Kow 
Solubility in water 
at 25 
o
C (mg/L)  
Vapor pressure 
(mm Hg) 
 
 
 
Nitro Musks 
 
 
 
 
 
 
Macrocyclic 
musk 
Musk 
moskene 
 
1,1,3,3,5-pentamethyl-4,6-
dinitoindane (MM) 
116-66-5 
 
280.32 5.39 0.57 8.5x10-5 
Musk 
ketone 
4-aceto-3,5-dimethyl-2,6-
dinitro-tertbutylbenzene 
(MK)  81-14-1 
 
294.30 4.31 0.46 
5.84x10-7 
 
Musk xylene  
2,4,6-trinitro-1,3-dimethyl-5-
tert-butylbenzene (MX) 
 
81-15-2 
 
297.26 4.9 0.15 2.25x10-7 
 
 
 
 
  
 
 
 
 
 
 
   
 
Ethylene 
brassylate 
1,4-
Dioxacycloheptadecane-
5,17-dione 
105-95-3  
 
270.36 4.70 1.72 3.285x10-4 
(-) not mentioned. 
 
 
 
 
 
NO2
O2N
 
O
NO2
NO2
 NO2
NO2
O2N
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1.4.2. UV filters 
There are two basic types of UV filters, organic and inorganic compounds. The organic 
UV filters work by absorbing UV light, the inorganic (TiO2, ZnO the only two approved for 
use in PCPs) also by reflecting and scattering of UV light. Generally, both types of UV 
filters give good protection against UVB (280-315 nm), and some also offer protection 
against UVA (315-400 nm) radiation (30). 
Table 4 describes relevant chemical and physical properties of some of the UV filters 
allowed to be used in PCPs in Europe. They represent seven chemical families (31): 
benzophenone derivatives (two benzene rings joined by a carbonyl group), p-
aminobenzoic acid derivatives (one benzene ring substituted with an amino group and a 
carboxyl group in the para position), camphor derivatives (organic compounds classified 
as terpenoids), salicylate derivatives (containing a monohydroxybenzoic acid group), 
crylene derivatives (aromatic acrylates) and dibenzoyl methane derivatives (aromatic 1,3-
diketone derivative of acetylacetone, where both methyl groups have been substituted by 
phenyl groups). 
A common feature of these compounds is the presence of an aromatic moiety with a side 
chain, showing different degrees of unsaturation (4). As can be seen in Table 4, some of 
these compounds are chiral (e.g. EHMC, OC and 4-MBC), but their enantiomers are 
expected to show the same physicochemical properties (Bester, 2007). 
Among the benzophenone derivatives, BP-5 is the salt of BP-4, and both are allowed in 
cosmetics in a maximum concentration of 5% (w/w) (24). 
 
16 
 
Table 4 – Chemical and physical properties of EU approved UV filters in cosmetics. 
Chemical family 
 
Acronym 
INCI name 
CAS 
number 
Chemical Structure 
 
MW Log Kow 
Solubility in water 
at 25 
o
C (mg/L)  
pKa 
Benzophenone 
derivatives 
BP-3 
 
2-Hydroxy-4-methoxybenzophenone 
(oxybenzone)Eusolex 4360 
131-57-7 
O
O
OH
 
228.2 
3.79; 
5.92 
68.56 
-0.87 
 
DHHB 
 
diethylamino hydroxybenzoyl hexyl 
benzoate 
 
302776-68-
7 
 
 
O
N
OO
OH
 
397.5 6.54 8.19x10-3 - 
p-Aminobenzoic 
acids derivatives 
OD-PABA  
 octhyl dimethyl p-aminobenzoic acid 
21245-02-3 
O
N
O
 
277.4 5.77 0.0053 2.39 
Camphor 
 derivatives 
 
4-MBC 
 
3-(4-Methylbenzylidene)camphor 
Eusolex 6300 
38102-62-4  
O
 
254.37 
5.47 
5.92 
0.57 7.56 
 
Salicylate 
derivatives 
 
EHS 
2-ethylhexyl salicylate 118-60-5 O
O
OH  
250.3 6 0.7 8.13 
HS 
 
3,3,5-trimethylciclohexyl salicylate 
(homosalate) 
118-56-9 
O
O
OH  
262.4 6.16 4.20x10-1 8.09 
(-) not mentioned. 
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Table 4 – Chemical and physical properties of EU approved UV filters in cosmetics (cont.). 
Chemical family 
 
Acronym 
INCI name 
CAS 
number 
Chemical Structure 
 
MW Log Kow 
Solubility in water at 
25 
o
C (mg/L)  
pKa 
Cinnamates  
derivatives 
EHMC 
2-Ethylhexyl 4-methoxycinnamate 
Eusolex 2292 
103597-45-
1 
O
O
O  
290.4 5.8 0.155 4.1 
 
IMC Isoamyl 4-methoxycinnamate 71617-10-2 
O
O
O  
248.3 5.8 4.86 - 
Crylene 
derivatives 
OC 
 
Octocrylene (Eusolex OCR) 
6197-30-4 
 N
H
NSHO
O
O
 
361.49 6.88 0.004 - 
Dibenzoyl 
methane 
derivative 
BMDBM 
 
2-Ethylhexyl 4-methoxycinnamate 
Eusolex 2292 
70356-09-1 
O O
O
 
310.4 
 4.51 
Rodil.2008 
1.52 9.74 
(-) not mentioned. 
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The octanol-water partition coefficient (log Kow) is an indicator of the environmental fate of 
the chemicals, translating how the compounds are distributed between octanol (which 
represents the lipids or fats in biota) and water (the aqueous phase). Water solubility 
provides information on the likely distribution of the chemicals between the different 
environmental compartments, specially sediment and water and consequently, the 
potential for environmental or human exposure through release to the aquatic 
compartment or bioaccumulation in biota. Compounds with high solubility in water and low 
log Kow, are very likely to be found in water. On the other hand, compounds with low 
solubility in water and high log Kow are more likely to be detected in sediments and biota. 
 
 
 
Fig. 4 – Log Kow and water solubility values for relevant musk fragrances and UV filters. 
 
Figure 4 illustrates the potential for bioaccumulation of fragrances and UV filters 
compounds, with high log Kow values (>4.3) and moderately (Galaxolide, Tonalide) to low 
solubility in water (celestolide, nitro musks, 4-MBC and EHMC). IMC and BMDBM are the 
most soluble UV filters, but with high log Kow. 
 
1.5. Occurrence across aquatic environments and biota 
Although these organic pollutants may be present at trace levels, their adverse effects on 
aquatic life, on animals and even on humans are increasing the concern of society and 
the scientific community. Musk fragrances and UV filters are considered contaminants of 
emerging concerns because of their intensive use, which in the last years has led to their 
widespread presence in the environment. Contamination of the aquatic environment with 
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PCPs may occur through two principal input pathways, “direct inputs” from recreational 
activities and “indirect inputs” via wastewater treatment plants (WWTPs)(10).  
Direct release of UV filters into the aquatic environment from bathing and swimming 
activities has been summarized in Table 5, being reported as a major environmental 
source of these chemicals (10). It is likely that release to the environment may occur in 
beachfront and near-shore ecosystems, as these areas often support extensive 
recreational activities. In other hand, wastewater containing high levels of PCPs is 
discharged into the rivers and directly to the sea (32). 
Table 5 – Reported maximum concentrations of most common UV filters in marine 
environment. 
Sea water (max. conc. ng/L) 
Sampling location     UV filter     Ref. 
4-MBC BP-3 EHMC OC BM-DBM 
Spain 169 603 691 406 - (33) 
Canary Islands 1043 3316 1324 756 1770 (34) 
Japan nd - 1080 - - (35) 
US coast - 2203 438 3730 1298 (32) 
Spain 220 308 260 317 - (36) 
Hong Kong  379 5429 4043 6812 721 
(37) 
Tokyo  nd 86 95 108 104 
New York  nd 178 150 128 87 
Los Angeles  nd 601 138 377 109 
Shantou  nd 188 78 107 100 
Chaozhou  nd 49 79 102 nd 
Artic  nd 33 66 31 70 
Slovenia - 380 - - - (38) 
Spain 84.6 68.6 52.5 - - (39) 
Japan nd 1340 143 78 nd 
(40) 
Japan (reef) - 3.8 2.3 8.1 - 
Spain 109.6 314.8 nd nd nd (41) 
Italy - 13 - 32 - (42) 
Spain 358 254 409 <5.9 nd (43) 
Italy - 118 83 <101 - (44) 
US coast - 2013 264 1409 321 (45) 
Spain nd 3300 nd nd nd (46) 
Pacific Ocean 30 6 55 - - (47) 
Germany <20 <7 <46 <18 <25 (48) 
Norway 798.7 439.9 389.9 7301 - (49) 
Greece nd 19.7 8.2 10.7 nd (50) 
(nd not determined; - not mentioned) 
High concentrations of UV filters were found in marine environment, showing a 
widespread distribution (37). In Europe, maximum concentrations up to 1043 ng/L for 4-
MBC, 3316 ng/L for BP-3, 1770 ng/L for BMDBM (34), 3300 ng/L for EHMC (46), were 
reported in Spain and 7301 ng/L for OC in Norway (49). Similar levels were found in US 
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coast for BP-3, OC and BMDBM (2203 ng/L, 3730 ng/L and 1298 ng/L respectively) (32) 
and in Japan for BP-3 and EHMC (1340 ng/L and 1080 ng/L, respectively) (35, 40). In 
Hong Kong top maximum concentrations were reported by Tsui et al. (2014) for BP-3 
(5429 ng/L), EHMC (4043 ng/L) and OC (6812 ng/L). These high levels are in the same 
magnitude, and even higher, than those measured in WWWTPs influents. Goksoyr et al. 
(2009) reported low levels of UV filters in open waters of the Pacific Ocean. Tsui et al. 
(2014b) reported, for the first time the occurrence of UV filters in the Artic, for which he 
points two possible pathways; oceanic transport via ocean currents or atmospheric 
transport (51). 4-MBC is not permitted for use as a cosmetic ingredient in Japan and the 
United States, and thus it was not detected in seawater there. 
The presence of UV filters in lakes, rivers and sea associated with their lipophilic 
properties (Fig.4) and stability in the environment (18), indicates that they can be highly 
submitted to sorption in sediments. Indeed, Kameda et al. (2011) found maximum 
concentrations up to 635 ng/L (d/w) for OC in streams sediment in Japan. In sea sediment 
from Hong Kong, EHMC reached 447 ng/g (d/w) (51). In rivers and lakes the 
concentrations were at lower levels and it can be observed a widespread occurrence of 
EHMC and OC adsorption in sediments from different surface waters. The occurrence of 
these compounds in sediments could cause a potential risk to benthic organisms (52). UV 
filters concentrations in this kind of environmental sample depend not only on the 
recreational activities, but also in the number of users of sunscreens cosmetics, water 
tide, water renovation rate, and sampling date, among other (36). 
In what concerns to the occurrence of musk fragrances in sea water few data are 
available. Homem et al. (2016) (53) recently reported maximum concentrations for 
galaxolide up to 336 ng/L and no detected levels of tonalide in sea water collected in 
Matosinhos beach, Portugal. Lower levels for galaxolide (154 ng/L) have been reported by 
Silva et al. (2010) (54) in sea water collected along Algarve seaside while tonalide 
reached 100 ng/L and M. ketone was below the LOD (12 ng/L). 
Biota 
UV filters have been found in tissues of natural populations of aquatic organisms such as 
mussels, crustaceans, eels, fishes, marine mammals and aquatic birds (Table 7). UV 
filters, due to their lipophilic properties, tend to accumulate in muscle and adipose tissues 
of aquatic organisms (3, 55). Because of the high levels found for these compounds in 
recreational waters and their tendency for bioaccumulation, several studies focused on 
the occurrence in aquatic biota (Table 7).  
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Bioaccumulation and biomagnification has been suggested by Fent et al. (2010) (55) in 
the predator/prey pair cormorant and fish and between the omnivorous barb feeding of 
Gammarus (crustacean). The aquatic bird (Phalacrocorax sp.) showed the highest level of 
EHMC (701 ng/g lw) compared with the other species sampled in the study, with EHMC 
concentrations ranging from 79-205 ng/g lw (Fig. 5).  
High OC concentrations were reported in mussels from the Mediterranean coast (Portugal 
and France) reaching up to 3992 and 7064 ng/g lw (11, 56). 
 
 
 
Fig. 5 – EHMC levels in different aquatic organisms (left) and UV filters presence in 
mussels (right), based on data provided by Fent et al. (2010), Cunha et al. (2015), 
Bachelot et al. (2012) and Picot Groz et al. (2014) (11, 55-57). 
However, Cunha et al. (2015b) (57) found BP-3, 4-MBC, BMDBM and OC in mussels from 
different spots in Europe, although all below the method limit of quantification (20, 5, 100 
and 20 ng/g respectively) (Fig. 5). A probable cause to the low levels observed by Cunha 
et al. (2015) (58) may be the sampling campaigns dates of the referred study (September 
to December) that could not reflect the direct input from recreational activities. In the two 
other studies, the maximum concentrations were observed in July and August (11, 56). 
High concentrations of 4-MBC and OC were found in fresh water fish from rivers receiving 
inputs from WWTPs at levels up to 1800 and 2400ng/g (lw), respectively (59). Lower 
levels were found in lake fishes ranging from nd to 170 ng/g (lw) (4-MBC). The data 
indicate that river fish experience a much worse situation with respect to exposure to UV 
filters, than lake fish do (59). High levels of OC (782 ng/g lw) were also found in the liver 
of Franciscana dolphin along the coast in Brazil (60) but even higher in cod liver caught in 
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Norway sea (11875 ng/g lw) (61). For EHMC, the levels reported ranged 240-1765 ng/g 
(dw) in mussels collected in Portugal coast (11).  
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Table 6 – Reported maximum concentrations of most common UV filters in tissues of different organisms (nd not determined; - not mentioned). 
Fish (max. conc. ng/g dw) 
Sampling location         UV filter   Ref. 
Common name Scientific name 4-MBC BP-3 EHMC OC 
Spain (rivers) Eel Anguilla anguilla nd nd <16.7 30 
(3) Carp  Cyprinus carpio nd 11.2 <16.7 nd 
Barbel  Luciobarbus sclateri 2.7 24.3 241.7 30.4 
Norway (sea) 
Cod  - 1037 36.9 11875 
(61) 
Prawn  - 68.9 <20 231 
Crab  - <30 <10 <10 
Burbot  - <5 <5 <2 
Whitefish (lake) - 182 117 <2 
Perch (lake) - 6.5 35.7 2.1 
Portugal (coast) Wild mussels Mytilus galloprovinciallis - - 1765 3992 (11) 
Brazil (coast) Franciscana dolphin Pontoporia blainvillei - - - 782 (60) 
Spain (rivers) Barbel  Luciobarbus sclateri - 24.3 241.7 30.4 
(62) 
Carp  Cyprinus carpio nd 11.2 <16.7 nd 
France (coast) Mussel  - - 240 7064 (56) 
Switzerland (river) 
Brown trout Salmo trutta - 151 205 - 
(55) 
Chub Leuciscus cephalus - <0.02 79 - 
Mussel Dreissena polymorpha - <0.02 150 - 
Barb Barbus barbus - <0.02 337 - 
Crustacean Gammarus sp. - <0.02 133 - 
Eel Anguilla anguilla - <0.02 30 - 
Cormorant Phalacrocorax sp. - <0.02 701 - 
USA (river) Bluegill fish Lepomis sp. - 90 - - (63) 
Switzerland (lake) Whitefish <11 <36 142 - (64) 
Switzerland (river) Trout  S. trutta fario  1800 - - 2400 
(59) 
Switzerland (lake) White fish  Coregonus sp.  170 - - nd 
Switzerland (lake) 
White fish nd nd 72 nd 
(10) Roach 94 118 64 nd 
Perch 166 123 nd 25 
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The use of aquatic organisms has been pointed as an integrative target sample because 
they are extensively exposed to hydrophobic musk fragrances and UV filters (18). 
Mussels are being widely used as a reliable bioindicator of chemical contamination of 
coastal waters because they are sessile organisms that filter and accumulate particles 
from water.  
Musk fragrances have been detected in fish and mussels and even in mammals (Table 9). 
Cunha et al. (2015) (57) analysing mussels collected in European coast found galaxolide 
levels up to 34.5 ng/g (dw) and tonalide at 12.99 ng/g (dw). Celestolide was below the 
LOQ (5 ng/g (dw)) and no detected levels of any nitro musk. Lower levels were reported 
by Picot Groz et al. (2014) (11) and Saraiva et al. (2016) (65) also analyzing wild mussels 
collected in European coasts. High levels for galaxolide (42 ng/g) and tonalide (81 ng/g) 
were found by Ziarrusta et al. (2015) (66) for mussels collected in central America coast. 
In a Massachussets estuary (USA) Subedi et al. (2014) (19) reported levels up to 836 and 
376 ng/g (dw) for galaxolide and tonalide, respectively. Similar concentrations were also 
detected in trouts from a German river by Lange et al. (2015) (26) as it can be seen in 
Table 9. In a monitoring study conducted by Nakata et al. (2012), mussels from Asia-
Pacific coastal waters were collected and galaxolide and tonalide concentrations were 
analysed. Galaxolide levels ranged from 110 up to 3300 ng/g (dw) and tonalide from 70 to 
870 ng/g (dw). The maximum concentrations were detected in mussels collected from 
Phillipines and Japan coast. Synthetic musks were detected in mussels from all countries, 
suggesting their ubiquitous contamination and widespread distribution (67). 
The occurrence of the polycyclic musk fragrances galaxolide and tonalide in marine 
mammals and sharks collected from Japanese coastal waters was also reported (68). 
Galaxolide was present in the blubbers of finless porpoises (Neophocaena 
phocaenoides), at levels ranging from 13 to 149 ng/g (w/w). A fetus sample of finless 
porpoise contained a notable concentration of galaxolide (26 ng/g w/w), suggesting 
transplacental transfer of this compound. Among 12 tissues and organs of a finless 
porpoise, the highest galaxolide concentration was found in blubber, followed by kidney. 
This indicates that galaxolide accumulates in lipid-rich tissues in marine mammals.  
Galaxolide was also found in the livers of five hammerhead sharks (Sphrna lewini) from 
Japanese coastal waters, at concentrations ranging from 16 to 48 ng/g w/w. Occurrence 
of galaxolide in higher trophic organisms strongly suggests that it is less degradable in the 
environment and accumulates in the top predators of marine food chains (68). 
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Table 7 – Reported maximum concentrations (ng/g dw) of selected musk fragrances in tissues of different organisms.  
 
Sampling location Common name Scientific name   Musks     Ref. 
     
Celestolide Galaxolide Tonalide M. moskene 
 
M. xylene 
 
M. ketone 
 
Cashmeran 
European coast mussels  <0.001 <1.94 1.23 - 
 
0.013 
 
<0.002 
 
- (69) 
European coast mussels   <5 34.5 12.99 nd 
 
nd 
 
nd 
 
<2.5 (57) 
Central America 
(coast) 
Wild mussels 
 
Mytilus edulis 
 
- 
 
42 
 
81 
 
- 
 
- - - 
(66) 
Portugal (coast) Wild mussels Mytilus galloprovinciallis nd 12 - - - <50 nd (11) 
 
Tarragona (coast) 
Red mullet Mullus surmuletus 6.25 2.97 1.17 nd nd nd nd (70) 
 Gilt head bream Sparus aurata nd 6.12 3.61 nd nd nd 12.83  
 Turbot Psetta maxima 8.26 9.67 5.19 nd nd nd 15.69 
 Mussel Mytilus galloprovinciallis nd 8.94 5.65 nd nd nd nd  
 Perch Perca fluviatilis nd 18.04 7.53 nd nd nd 13.36  
 Sheatfish Silurus glanis nd 16.23 8.42 nd nd nd 33.53  
 Carp Cyprinus carpio 1.56 12.68 1.38 nd nd nd 14.06  
Germany (river) Brown trout S. trutta fario - 800 (lw) 250 (lw) -    (26) 
USA (estuary) 
Massachussets 
Wild mussels 
 
Mytilus edulis 
 
- 
 
836 
 
376 
 
- 
 
 
- 
 
- 
 
- 
(19) 
Cambodia (coast)  Perna viridis - 280 70 - - - -  
China (coast) 
Green and blue mussels Mytilus edulis - 270 190 - 
 
- 
 
- 
 
- 
(67) 
Hong Kong (coast) 
  - 710 110 - 
 
- 
 
- 
 
- 
Notes: nd not determined; - not mentioned); * mean of concentrations obtain in different places; ** value of 0.05ng/ml; (lw)- lipid weight basis. 
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Table 7 – Reported maximum concentrations (ng/g dw) of selected musk fragrances in tissues of different organisms (cont.). 
 
Sampling location Common name Scientific name   Musks     Ref. 
     
Celestolide Galaxolide Tonalide 
M. 
moskene 
M. 
xylene 
M. 
ketone 
 
Cashmeran 
India (coast)   - 130 37 - - - -  
Indonesia (coast)   - 1500 180 - - - -  
Japan (coast)   - 2300 860 - - - -  
Philippines (coast)   - 3300 490 - - - - (67) 
Vietnam (coast) 
  - 110 nd - 
 
- 
 
- 
 
- 
 
USA (estuary) 
New York 
 
Zebra mussels 
  
- 
 
19.3 
(lw) 
65.9 
(lw) 
- 
 
 
- 
 
- 
 
- (71) 
 American eel  - 125 71.5 - - - -  
 
Channel catfish 
(liver)  - 39 <1 - 
 
- 
 
- 
 
- 
 
 White perch  - 19.9 8.6 - - - -  
 
Smallmouth bass 
(liver)  - 31.9 32.8 - 
 
- 
 
- 
 
- 
 
USA (river) 
Texas Sonora sucker  - 569 58 - 
- - - 
(63) 
USA (river) 
Common carp  - 1800* 240* - 
 
- 
 
- 
 
- 
(72) 
Hong Kong 
(coast) 
Green-lipped 
mussels Perna viridis -   - 
- - - 
 
 
mussels  
24.6 
(lw) 
1150 
(lw) 
190 
(lw) 
- 
 
- - <LOD** 
(73) 
           
Notes: nd not determined; - not mentioned); * mean of concentrations obtain in different places; ** value of 0.05ng/ml; (lw)- lipid weight basis. 
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1.5.1. Possible adverse effects in aquatic environment 
Attention has been devoted to the potential risks that PCPs may pose to aquatic 
ecosystems because of the worldwide contamination from widespread usage of these 
compounds in human activities. Information regarding UV filter toxicity is still very scarce 
and is not possible to develop adequate aquatic risk assessments. However, preliminary 
hazard assessments are already available. Some UV filters in the environment presented 
acute (BP-3, 4-MBC and EHMC) and chronic toxicity (BP-3, 4-MBC and EPABA) data 
(18). An approach to environmental risk assessment for BP-3, 4-MBC and EHMC in 
waters of monitoring beaches was conducted. Small potential for adverse effects for BP-3 
and significant potential for adverse effects for 4-MBC and EHMC, whose risk quotient 
(RQ) values higher than 10, were found (34). An ecological risk assessment is available 
for BP-3 and although the levels observed in aquatic environment are generally an order 
of magnitude lower than the predicted no effect concentration (PNEC), the authors 
consider that further studies on environmental monitoring and potential consequences of 
long-term exposure in aquatic ecosystem are needed (74). 4-MBC, OC, EHMC, HMS and 
IMC are considered high priority for further work because of the classification with “No 
Observed Effect Concentration” (NOEC) values lower than 0.01 mg/L (31). 
UV filters can accumulate in biota (55, 60, 62) and have been shown to cause coral 
bleaching (75). Some UV filters (BP-3 and EPABA) have hormonal activity in fish and 
display estrogenic and activity in vitro (76). It was also found that mixtures of UV filters 
showed synergistic interactions in vitro and additive to antagonistic activity in vivo (55). 
 
The toxicity of galaxolide and tonalide to aquatic biota has been studied in several 
organisms. Inhibition of larval development in the crustacean Acartia tonsa was reported 
with EC50 values of 0.026 mg/L (galaxolide) and 0.059 mg/L (tonalide) (77). Estrogenic 
effects of polycyclic musks have been shown in in vitro competitive binding assays with 
South African clawed frogs (Xenopus laevis) and rainbow trout (Onchorynchus mykiss) 
(78). Anti-estrogenic effects of galaxolide and tonalide have also been reported in 
zebrafish (Danio rerio) in both in vivo and in vitro studies (79) as well as inhibition of multi-
xenobiotic defences of marine mussel Mytilus californianus gill cells (80). Balk and Ford 
(1999) (81) determined PNECs of 6.8 g/L and 3.5 g/L for galaxolide and tonalide, 
respectively, in early life stage tests with fathead minnow Pimephales promelas. The 
results of these studies indicate that polycyclic musks pose potential risks to aquatic 
organisms, but there is still a lack of toxicological information available for assessing the 
risks of the compounds to aquatic ecosystems. 
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Galaxolide and tonalide were the most frequently detected polycyclic musk compounds in 
a number of fish, mussel, shrimp and crab samples from the marine environment (Table 
7).  
1.5.2. Possible adverse effects in humans  
The increased usage of UV filters-containing PCPs must be studied critically, not only 
because of the increasing release of the UV filters into the environment and their possible 
ecological impacts, but also due to their behaviour on the skin (5). 
The reason why these compounds are under the scope is related to their toxicity and 
adverse effects, being the most problematic: (i) permeation into the viable layers of the 
skin; (ii) interference with the endocrine system in humans; (iii) photounstability (82). 
Given that sunscreen formulations are applied to a large skin area for a long period of 
time, a constant and high input of organic UV filters into skin viable cell layers and into 
systemic circulation are permitted (83). Calculations on amount of UV filter compounds 
per application suggested by Balmer et al. (2005) (10), assuming a use of 10 g of sun 
cream for a full body application (1 mg per cm2 skin surface), and 2-20 % content of UV 
filters in a sunscreen product, this amounts to 0.5 to 2 g per day (10). 
A large number of in vivo animal studies and in vitro studies have shown potential adverse 
effects like endocrine disrupting of UV filters present in sunscreens, although other studies 
failed to find such effects. Application of cosmetics with UV filters to the skin can result in 
absorption of UV filters in the human systemic circulation directly without first being 
metabolized by passage through the liver, leading to a greater risk of the compounds 
reaching all tissues of the body unaltered resulting in exposure of all tissues in the body 
(84). 
Based on the median concentrations of musks and the average daily usage amounts of 
consumer products, dermal exposure rates in adults were calculated to be 3.38 mg/d for 
musks (85). Galaxolide was found in human adipose fat collected from New York City, at 
concentrations ranging from 6.1 to 435 (mean: 97) ng/g, on a wet weight basis. Tonalide 
was found in 86% of the samples analyzed, at concentrations ranging from <5 to 64 
(mean: 23) ng/g (ww) (86). Occurrence of galaxolide and tonalide in human adipose 
tissues from Germany and Switzerland was also reported (87) as well as in human milk 
samples from Germany, Denmark and USA (87-90). Dermal absorption from the use of 
PCPs is thought to be a major source of human exposure to these compounds (86). 
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1.6. Assessment of Musk fragrances and UV filters contamination in aquatic biota 
Monitoring of PCPs in aquatic environments (waters, biota and sediments) has been 
reported in several countries, such as Switzerland, China, Brazil, Japan, Italy, among 
others, as it was shown in section 1.5. Sensitive and selective analytical methods, capable 
of detecting PCPs at trace levels in aquatic biota, have been reviewed by Gago-Ferrero et 
al. (2012) (22). Methodologies for the determination of UV filters in environmental samples 
have been previously reviewed by Giokas et al. (2007) and Peck et al. (2006) (1, 91).  
In this scenario, where the number of pollutants to be monitored is getting larger, multi-
residual analytical methodologies become an excellent strategy to get this goal. 
Precautions to avoid sample contamination  
Considering the widespread use of PCPs at high concentrations in virtually everything 
used in daily life (perfumes, soaps, creams, cosmetics, shampoo, lipstick and sunscreens, 
etc.) laboratory contamination appeared to be imminent. Background contamination is a 
common problem in the determination of UV filters and musks fragrances at 
environmental levels (92). Due to their lipophilic nature, these compounds are easily 
transferred to glassware and consumables used during sampling and sample preparation. 
Precautions must be taken to prevent contamination from personnel, equipment and 
glassware (93). The use of plastic material should be avoided (94). Relating to personnel 
contamination, avoiding the use of any PCPs during either sampling or analytical 
procedures (91, 95); use of gloves during all procedures, pre-cleaning of sampling 
containers, sampling and sample processing (92, 93, 95). Careful cleaning of glassware is 
important, providing glassware exclusively for the analysis of UV filters (93), sonication 
with a detergent without these chemicals, soaking in 5 % NaOH/ ethanol (EtOH) for 12 h 
(96) or a 50 % HNO3 solution (33), baking for at least 4 h at 450 °C ( 91), 3h in muffle type 
furnace at 500 °C (58, 64), heated overnight at 380  ◦C (92), and further sequentially rinsed 
with a collection of organic solvents (acetone (ACN), n-hexane, methanol (MeOH), 
dichloromethane (DCM), acetonitrile (MeCN)) and HPLC grade water. High-purity solvents 
and only previously unopened packages should be used (91, 92). Prior to use, all 
glassware should be rinsed with the extraction solvent (97). Attention should be also paid 
to equipments involved in extraction procedures, for example with stir bars used in Stir 
Bar Sorptive Extraction (SBSE) re-conditioning before re-using at 250 °C for 3 h (98) or 
soaking in a mixture of DCM/MeOH (1:1, v/v) for 24 h (44). Procedural blanks should be 
used to monitor for contamination from the laboratory environment, instrumentation, 
contaminated solvents (91), sampling or storage (58). Since many of the compounds 
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analyzed undergo photodegradation, stock standard solutions and samples should be 
covered with aluminium foil and stored in the dark or in amber glass (92). 
1.6.1. Sampling and pre treatment  
Aquatic organisms can be quite representative of the aquatic environment as they can 
retain and bioaccumulate PCPs because of the lipophilicity of the compounds (log Kow 
close to 6) (55, 62). Most studies have focused on fish as a representative matrix. 
Sampling procedures may involve traditional fishing, trawling (cod and shrimp) snorkelling 
(crab) (61) electrofishing (3), Direct Current (DC) electric pulse (62) and even incidental 
caught in fishing nets or special situations like individual dolphins found stranded dead at 
the beaches (60). After being caught, they are killed, weighed, measured, wrapped in 
aluminium foil, kept frozen until laboratory. Selected tissues are removed, frozen, 
homogenized by blending and often freeze-dried before extraction (22). Muscle is often 
used for analyses of target compounds, probably because of its low lipid content in 
comparison with other tissues and because it is part of the human diet. Studies have also 
been conducted on macrozoobenthos, mussels, and birds (55).  
Mussels are good biomonitor organisms for detection of water pollutants as they 
constantly filter the surrounding waters. Difficulties related to intra species diversity in 
natural waters, length, weight, lipid content, sex, and availability of similar species in 
different habitats hinder the comparison of results. Nevertheless, their wide distribution, 
easy to sample, high abundance, low mobility, and ecological and economic importance 
are features that make them a good choice to monitor the contaminants. 
1.6.2. Extraction and clean up procedures 
In the biomonitoring of coastal environments many extraction techniques have been 
applied to mollusc samples. Due to the very low concentrations of PCPs in the 
environment, extraction usually requires a preconcentration and clean up step previous to 
the analysis in order to achieve low limits of detection (LODs) and eliminate some 
potentially interfering compounds.  
Extraction and purification are key steps in decreasing matrix effects and optimizing 
analytical efficiency (11). Pressurized liquid extraction (PLE), solid–liquid extraction (SLE), 
and microwave-assisted extraction (MAE) were reported as the major approaches to 
extract target compounds from their matrices (22). DCM, ACN and mixtures of ethyl 
acetate (EtAC)/heptane and H2O (1:1:1) or ACN/heptane (1:1) have been used as 
solvents in PLE, LE and MAE extractions of musks and UV filters from aquatic biota (55, 
56, 61, 62). PLE remains at the top, followed by liquid-liquid extraction (LLE), Quick, easy, 
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cheap, effective, rugged and safe (QuEChERS) and MAE (Fig. 6). It is worth noting that 
these techniques lead to coextraction of a lipid fraction that should be removed before 
determination of musks and UV filters. Clean-up of biota sample extracts can be done by 
gel permeation chromatography (GPC) (61, 63) primarily to remove lipids, followed by 
addition of primary-secondary amine (PSA) sorbent that has strong affinity and high 
capacity for removing fatty acids and organic acids (11, 61), adsorption chromatography 
on silica (63) or Florisil columns (62). Quite often reverse phase – high performance liquid 
chromatography (RP-HPLC) has also been used for extraction and purification (55, 56, 
64). Although some of these techniques are now automatized, they are long, time 
consuming and require a large volume of solvents. QuEChERS procedures have been 
modified to the determination of PCPs in mussels, followed by dispersive liquid-liquid 
extraction (DLLME) (57) or a clean-up sorbent (a mixture of 750 mg Na2SO4, 125 mg 
Bondesil-C18 and 125 mg PSA silica) (11). Lipid content determination is important and it´s 
usually performed gravimetrically (55, 56). 
 
 
 
 
 
 
 
 
Fig. 6 – Extraction techniques employed in aquatic biota samples for the determination of 
musk fragrances and UV filters. 
1.6.3. Instrumental analysis 
After performing extraction and clean up procedures to eliminate interfering compounds 
from the matrix, an appropriate analytical method must be selected in order to enhance 
identification and quantification of the target compounds in environmental samples (21). 
Usually, chromatographic methods, both gas (GC) and liquid chromatography (LC), 
coupled to mass spectrometry (MS) or tandem mass spectrometry (MS/MS) detectors, 
allowed the sensitivity required to detect trace levels of the potential contaminants. The 
32 
 
selection of GC or LC is usually based on the physical and chemical properties of the 
analytes and the availability of the equipments in the laboratories facilities. LC is selected 
to determine more polar and less volatile compounds, while GC is used to quantify volatile 
or volatile compounds (99).  
1.6.3.1. Gas Chromatography 
Most of the analytical methods described in the literature for musks and UV filters analysis 
in aquatic biota are based on GC-MS (Tables 8 and 9), after an extraction and clean up 
procedure, usually by PLE or LLE. QuEChERS approach is arising in this kind of 
environmental analysis (Fig. 6). Since the UV filters contain phenolic hydroxyl groups, 
reproducibility and sensitivity with GC analysis can be affected due to their insufficient 
volatility, high polarity and thermal instability, so a derivatization step prior the GC injection 
can be applied to obtain sharper peaks, better separation and higher sensitivity (94). 
Derivatization improves volatility, thermal stability and other desirable chromatographic 
features of the target analytes (58). Higher sensitivity is achieved, preventing co-elution 
with matrix interferences, by increasing the molecular weight of the molecule, with a 
subsequent increase in the retention time and reduction in polarity of the analyte (96). 
Derivatization can be used to expand the applicability of GC/MS and GC–MS/MS 
analyses to more polar compounds (4). Silylation is by far the most used derivatization 
method, among the different derivatization strategies (e.g., silylation, alkylation, 
esterification, acylation, etc.), for compounds containing labile hydrogens, since the 
derivatization process can be easily achieved and there are a large number of silylation 
reagents available. When a silylation reagent is used, the labile hydrogens of the 
compound are replaced by alkylsilyl moieties, usually trimethylsilyl. Thus, the OH moieties 
are turned into their trimethylsilyl ethers, which are more volatile than their parent 
compounds (46). N-methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA) (38, 100, 101), 
and N,O-bis(trimethylsilyl) trifluoroacetamide (BSTFA) (43, 57, 58) (46, 96) are the most 
common derivatizing agents used for silylation of UV filters. When comparing the 
efficiency of both derivatizing agents, BSTFA showed better results, for example with 
higher peak area (46) and high intensity chromatographic response for compounds 
containing a labile H (OH) such as hidroxylated UV filters, probably due to its high 
reactivity (58) analyzing water samples. Even though, MSTFA was employed by several 
authors to determine UV filters biota samples (Table 9). Usually derivatization procedure 
is conducted under high temperatures (60 °C) and up  to 1 h of reaction time (38, 100), 
being a time-consuming step, considered a drawback for GC UV filters analysis. 
Microwave (MA) or ultrasonic assisted (UA) derivatization procedures coupled to DLLME 
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extraction technique, can overcome this inconvenience reducing the time required for 
derivatization to 5 or even 2 min (58, 96), performing an in situ derivatization resulting in  
effectively shorten the overall analysis time (58). Negreira et al. (2009) (101), performed 
on-fiber silylation with MSTFA, using SPME for 30 min. Another drawback of derivatization 
is that it requires the use of reagents that may be highly toxic and carcinogenic. 
Even though, it´s important to note that some compounds, namely 4-MBC, EHMC, OC 
and BMDBM can be detected without derivatization. Cunha et al. (2015) (58) compared 
the analytical response obtained from the direct injection with those after the derivatization 
step, and found no differences between both, proving that, for the referred UV filters, there 
were no losses during the derivatization procedure. Musks fragrances usually don´t 
require derivatization. Multi-residue methods are ideally preferred taking into account the 
huge amount of compounds of interest, so derivatization of the sample can enable a 
single injection per sample covering a wide range of compounds (58). 
Furthermore, GC-MS with selective ion monitoring (SIM) or GC-MS/MS have been the 
most frequent working mode to efficiently remove interference from co-eluting peaks and 
to ensure sensitivity, facilitating the detection of trace levels of organic compounds (11). 
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Table 8 – Extraction techniques coupled to the GC analysis of UV filters in aquatic biota samples, recoveries, limits of detection (LOD) and 
limits of quantification (LOQ) (- not mentioned). 
Species 
Extraction 
technique 
Derivatization 
Analytical 
technique 
Column (length x id.; 
film thickness) UV filters 
Recovery 
(%) LOD (ng/g lw) 
LOQ 
(ng/g lw) Ref. 
Mussels QuEChER-DLLME 50 µl BSTFA GC-MS DB-5MS BP-3 72-83 3 20 (57) 
 
5 min, MW (600W) 
30 m x 0.25 mm; 0.25 
µm 4-MBC 79-96    2 5 
  
OC 75-76 23 100 
          BMDBM 60-61 6 20   
Fish PLE-GPC-PSA  GC/HRMS DB-5MS 
BP-3 - 5-30 - (61) 
  EI + 
30 m x 0.25 mm; 0.25 
µm EHMC - 5-20 - 
          OC - 2-10 -   
Wild mussels QuEChER GC/MS fused silicaZB-5 EHMC 93-106 1 5 (11) 
        
30 m x 0.25 mm; 0.25 
µm OC 99-126 5 5   
Wild mussels MAE-RP-HPLC 
 
GC-MS/MS SGE-BPx5 EHMC 88-99 2 5 (56) 
        
30 m x 0.25 mm; 0.25 
µm OC 89-101 2 5   
Fish LE-RP-HPLC 
 
GC/MS optima-5-MS BP-3 70-105 
0.005-0.02 
  
- (55) 
Macroinvertebrate 
  
50 m x 0.2 mm; 0.35 
µm EHMC 
70-106 - 
Cormorant        4-MBC 70-107 -   
Fish 
  
GC/MS Optima-5-MS BP-3 76.1-98.9 36 - (64) 
  
50 m x 0.2 mm; 0.35 
µm EHMC 
76.1-98.10 
11 
- 
         4-MBC 76.1-98.11 23 -   
Fish LLE-silica 100 µl MSTFA  GC/MS  XTI-5 4-MBC 99 5.3 - (63) 
 
45 min, 60 °C EI 
30 m x 0.25 mm; 0.25 
µm OC 98 17 
- 
LLE-GPC VF-5 4-MBC 57 120 - 
        
30 m x 0.25 mm; 0.25 
µm OC 79 36 
- 
  
 35 
 
Table 9 – Extraction techniques coupled to the GC analysis of musks in aquatic biota samples, recoveries, limits of detection (LOD) and limits 
of quantification (LOQ). 
Species 
Extraction 
technique Analytical 
technique 
Column (length x id.; 
film thickness) Musks Recovery (%) LOD (ng/g lw) LOQ (ng/g lw) Ref. 
Wild mussels HP-5MS Galaxolide 116 14 - (66) 
matrix solid-phase 
dispersion 
(MSPD) 
GC-MS 
 
30 m x 0.25 mm; 
0.25 µm Tonalide 45 29 - 
 
GC-MS/MS Galaxolide 123 6.3 - 
        Tonalide 45 4.1 -   
Wild mussels 
QuEChERS 
GC-MS/MS fused silica ZB-5 
Galaxolide 
Cashmeran 
89 
84 
0.5 
50 
0.5 
50 (11) 
 
30 m x 0.25 mm; 0.25 
µm M. Ketone 97 50 50 
        Celestolide 81 0.5 2.5   
    Celestolide 64 2.5 5  
QuEChERS  
Galaxolide 
Tonalide 
62 
59 
0.5 
0.5 
2.5 
2.5  
    M. Moskene 25 7.5 20  
    ZB-50 
M. Xylene 
M. Ketone 
57 
24 
7.5 
7.5 
20 
20   
Wild mussels  GC-IT-MS/MS  
Cashmeran 
 
110 
 
1 
 
5 
 (70) 
 
  
  
30 m x 0.25 mm; 0.25 
µm Celestolide 88 1 5  
 PLE   Galaxolide 91 2.5 2.5  
    
Tonalide 
M. Moskene 
86 
57 
1 
5 
2.5 
10  
    
M. Xylene 
M. Ketone 
67 
54 
5 
5 
10 
10  
    Cashmeran 79 0.5 2.5  
Notes: (*) Limit of detection expressed in ng/ml; (nd) not determined; (-) not mentioned); (lw)- lipid weight basis. 
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Table 9 – Extraction techniques coupled to the GC analysis of musks in aquatic biota samples, recoveries, limits of detection (LOD) and limits 
of quantification (LOQ) (cont). 
Species 
Extraction 
technique Analytical 
technique 
Column (length x id.; 
film thickness) Musks Recovery (%) LOD (ng/g lw) LOQ (ng/g lw) Ref. 
Brown trout Soxhlet extraction GC-MS VF-XMS Galaxolide - - 1 (26) 
      
30 m x 0.25 mm; 0.25 
µm Tonalide - - 1   
mussels LE-Soxhlet GC/MS Rxi-5-MS Galaxolide 76-101 - 0.1-10 (19) 
  
30 m x 0.25 mm; 25 
µm Tonalide 
 
76-101 
 
- 
(lw) 
0.1-10 
       (lw)  
mussels LE-GPC GC/MS HP 5-MS fused silica 
Galaxolide 114 
0.8 
(ww) 
- 
(67) 
 
30 m x 0.25 mm; 0.25 
µm Tonalide 
 
92 0.4 
- 
        
 
(ww) -   
mussels LE-GPC GC/MS DB 5-MS fused silica Galaxolide 85-98 - 1 (71) 
fish 
 
30 m x 0.25 mm; 0.25 
µm Tonalide 
 
85-98 - 
1 
Blue gill fish LLE-silica GC/MS  XTI-5 
Celestolide 
Galaxolide 
83 
95 
18 
12 
- 
- (63) 
Sonora sucker 
 
EI 
30 m x 0.25 mm; 0.25 
µm Tonalide 107 13 
- 
(72) 
LLE-GPC 
 
GC-MS/MS VF-5 M. Xylene 67 397 
- 
      
30 m x 0.25 mm; 0.25 
µm M. Ketone 75 321 
- 
  
LE-GPC GC/MS DB 5HT  fused silica Celestolide 76.2 0.05* - (73) 
Green-liped 
mussels 
 
30 m x 0.25 mm; 0.25 
µm Galaxolide 
 
94.1 0.09* 
- 
        Tonalide 79.5 0.14* 
 
  
        Cashmeran 72.5 0.15* 
 
  
Notes: (*) Limit of detection expressed in ng/ml; (nd) not determined; (-) not mentioned); (lw)- lipid weight basis; (ww)- wet weight basis. 
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1.6.3.2. Liquid Chromatography 
LC-MS/MS may be considered the technique of choice to assay polar and semipolar 
compounds, and is especially suitable for environmental analysis because of its selectivity 
(102). It allows separation and detection of compounds having the same molecular mass 
but different product ions, even if they co-elute. MS/MS detection is therefore preferred for 
increased analytical sensitivity and selectivity in complex water matrices (4). In addition to 
HPLC, ultra performance liquid chromatography (UPLC) is being used increasingly (34, 
103-106). UPLC uses analytical columns packed with smaller particles, which offers the 
advantages of increasing speed, improving sensitivity and mostly selectivity compared to 
conventional HPLC analysis. The higher efficiency of small particles enables shorter 
columns, reducing analysis time and solvent consumption. Although complete 
chromatographic separation is not necessary for the selective MS/MS detection, it 
generally improves detectability and reduces the ion suppression effect (107).  
Reverse phase C18 HPLC columns are the most used in the analysis of UV filters by LC-
MS/MS (Table 10). Most common mobile phase solvents are MeOH and water (42, 108-
111). However, the use of MeCN and water is also very common and has been employed 
in several works (64, 112, 113). In order to increase ionization and sensitivity ammonium 
acetate (48, 111, 113, 114) and formic acid (42, 64, 112-114) is often included as a mobile 
phase additive, at concentrations typically between 0.05% and 0.3% (102).  
Atmospheric pressure ionization (API) technologies, such as atmospheric pressure 
chemical ionization (APCI), atmospheric pressure photoionization sources (APPI) and 
electrospray ionization (ESI) are commonly employed as ionization techniques in LC-
MS/MS. APCI is very effective in the analysis of medium-polarity and low-polarity 
substances, whereas ESI (positive or negative ionization mode) achieves efficient 
ionization for a great variety of analytes. Nonetheless, API interfaces can lead to problems 
due to its susceptibility to matrix effects (92). Matrix effects can strongly vary with the 
matrix and result in poor analytical accuracy and reproducibility with co-extracting of 
matrix components. The use of isotopically labelled surrogate standards (115) or internal 
standard quantification with matrix-matched standards (112) is employed to compensate 
this negative effect. APCI was shown to be less susceptible to ion suppression, but with 
decreased sensitivity (113).  
For the analysis of UV filters, LC-MS/MS offers an improvement over GC-MS since the 
derivatization step is avoided for polar and semi-polar compounds and LODs in the low 
ng/L or ng/g can still be achieved (Table 10). 
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Researchers have used different analytical approaches for the environmental analysis of 
musks and UV filters, based on SPE for aqueous sample extraction and PLE or SLE for 
solid samples and with further clean-up protocols. In the case of PLE the clean-up can be 
performed together with the extraction, reducing laboriousness and time consumption. In 
order to reduce solvent consumption, new approaches have been developed such as 
QuEChERS and DLLME. Both HPLC and UPLC attached to mass spectrometry are 
employed using preferably ESI but also APCI or APPI. 
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Table 10 – Extraction techniques coupled to the LC analysis of UV filters in aquatic biota samples, recoveries and limits of detection (LOD) 
and limits of quantification (LOQ). 
Species 
Extraction 
technique 
Analytical 
technique 
Column (length x id.; 
film thickness) UV filters Recovery (%) 
LOD (ng/g 
lw) 
LOQ (ng/g 
lw) Ref. 
Fish PLE-SPE  LC-MS/MS HR R-18 BP-3 106-112 1.2 4 (3) 
ESI + 50 mm x 2 mm; 5 µm EHMC 66-72 5 16.7 
ESI + 4-MBC 95-109 0.7 2.3 
        OC 70-80 6 20   
Fish PLE-GPC  LC-HRMS BEH - C8 BP-3 75 - 20 (61) 
50 mm x 2.1 mm EHMC 85 - 30 
        OC 75 - 20   
Dolphin PLE-SPE LC-MS/MS HR R-18 OC - 23 75 (60) 
      50 mm x 2 mm; 5 µm           
Fish 
in cell PLE-
SPE LC-MS/MS HR R-18 
BP-3 
106-112 1.2 4 
(62) 
ESI 50 mm x 2 mm; 5 µm 4-MBC 95-109 0.7 2.3  
EHMC 66-72 5 16.7 
        OC 70-80 6 20   
Fish 
lipophilic 
analytes: LLE-
RP-HPLC 
LC-MS 
Zorbax SB - C18 
BP-3 
70-105 
  
0.2-0.4 
  
- 
(55) 
Macroinvertebrate 
hidrophilic 
analytes: LLE 
150 mm x 3 mm; 3.5 
µm EHMC 
- 
Cormorant     4-MBC -   
LC-MS Zorbax SB - C18 BP-3 76.1-98.9 - - (64) 
150 mm x 3 mm; 3.5 
µm EHMC  - - 
        4-MBC   - -   
(- not mentioned) 
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1.7. Aim of the study 
 
Musk fragrances and UV filters have come into focus in the last years due potentially 
harmful concentration in aqueous environment worldwide. The main objective of the 
present work was to adapt and validate a method based on QuEChERS followed by 
DLLME extraction and GC–MS analysis for the simultaneous determination of musks and 
UV filters in wild mussel samples collected along the coastal line of Portugal, in order to 
evaluate the real contamination of these aquatic organisms continually exposed in their 
habitat to this kind of contaminants. 
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MATERIALS AND METHODS 
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2.1. Standards and Reagents 
 
2-Hydroxy-4-methoxybenzophenone (BP3, 98% purity) and 2-ethylhexyl-4-
(dimethylamino) benzoate (EPABA, 98% purity) were purchased from Alfa Aesar 
(Heysham, Lancashire, UK). 3,3,5-trimethylcyclo-hexylsalicylate (HMS, 98 % purity) and 
isoamyl-4 methoxycinnamate (IMC, 95% purity) were purchased fromTCI (Haven, 
Zwijndrecht, Belgium). Octocrylene (OC, 98% purity), 2-ethylhexyl 4-methoxycinnamate 
(EHMC, 100% purity), 2-ethylhexylsalicylate (EHS, 99 % purity), hexyl 2-[4-(diethylamino)-
2-hydroxybenzoyl] benzoate (DBENZO, 99% purity), 2,4-dihydroxybenzophenone (DHB, 
99% purity) 3-(4-methylbenzylidene) camphor (4-MBC, 98.5% purity), Butyl-
methoxydibenzoylmethane (BMDBM, 100% purity) 6,7-dihydro-1,1,2,3,3-pentamethyl-
4(5H)-indanone (DPMI, cashmeran), 4-acetyl-1,1-dimethyl-6-tert-butylindane (ADBI, 
celestolide, 98.5% purity), 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethylcyclopenta-(g)-2-
benzopyran (HHCB, galaxolide, 97% purity) and 7-acetyl-1,1,3,4,4,6-hexamethyl-1,2,3,4-
tetra- hydronaphthalene (AHTN, tonalide 98.5% purity), 2,4,6-trinitro-1,3- dimethyl-5-tert-
butylbenzene (MX, musk xylene), 4-aceto-3, 5-dimethyl-2,6-dinitro-tertbutylbenzene (MK, 
musk ketone) and 1,1,3,3,5- pentamethyl-4,6-dinitroindane (MM, musk moskene) were 
purchased from Sigma-Aldrich (Steinheim, Germany).  
The internal standard (IS) Chrysene d-12 (CSd12-IS1, 98% purity) and Benzophenone-
d10 (BPd10-IS2, 99% purity) and were also purchased from Sigma-Aldrich.  
Individual standard solutions of the UV filters were prepared in methanol (HPLC grade 
from Sigma-Aldrich) at concentrations of 2000 mg/L. Working mixture solutions of 100 
mg/L were prepared in acetonitrile, the solvent used in the extraction. Individual standard 
solutions of the synthetic musk fragrances were prepared in acetone at concentrations of 
4000 mg/L for polycyclic musks and 1000 mg/L for musk ketone. A working mixture 
solution of 100 mg/L was prepared in acetonitrile except for MX, MM which were supplied 
directly at a concentration of 100 mg/L in acetonitrile and used as received. 
Acetonitrile (MeCN), methanol (MeOH), acetone (ACN), all HPLC grade, were obtained 
from Sigma–Aldrich. Extractive solvents, trichloroethylene (C2HCl3) and carbon dissulfite 
(CS2), were high purity solvents for GC analysis obtained from Fluka (Neu-Ulm, 
Germany). The sorbents sulphate magnesium (MgSO4) and sodium chloride were both 
obtained from Sigma-Aldrich. To ensure efficient removal of phthalates and residual 
water, MgSO4 was treated for 5 h at 500 °C in a muffle furnace.  
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Hydrochloric acid and pH test strips (0–14 pH resolution: 1.0 pH unit) were purchased 
from Sigma-Aldrich. Water was prepared by purifying demineralized water in a “Seradest 
LFM20” system (Seral, Ransbach-Baumbach, Germany). Ultrahigh purity Helium 
(99.999%) for GC–MS was purchased from Gasin (Maia, Portugal).  
 
2.2. Sampling 
 
Mussels (Mytilus galloprovincialis and Mytilus edulis) were collected by hand between 
January and October 2015 in seven sites of the Portuguese coastal. When in laboratory, 
total weight (g) and edible weight (g) of mussel specimens were registered (Table 11). 
Then, all the edible content of 25 specimens were pooled, triturated/homogenized by a 
grinder (Retasch Grindomix GM200, Germany), and frozen at -80 °C in plastic tubes of 
40mL. To conclude, the samples were freeze-dried for 48 h at -80 °C and low pressure 
(around 0.017 mBar, Telstar Cryodos, Grundy's LaneBristol), homogenized as above, and 
maintained at 4 °C until analysis.  
Table 11 - Description of the mussel specimens collected along Portuguese beaches. 
 
 
 
 
 
 
 
 
 
 
 
 
 
January March May July October
Viana do Castelo 1.24-2.95 (-) 0.94-4.39 (-) 0.89-2.32 (3.33-7.03)
1.13-2.08 
(3.69-8.57)
1.95-3.54 
(6.30-13.56)
Leça de Palmeira 3.48-6.49 (-) 1.59-6.79 (-) 1.17-3.09 (4.20-13.45)
1.05-3.51 
(3.97-10.74)
1.34-3.35 
(4.44-8.72)
Vagueira 0.73-2.29 (-) 0.77-2.03 (-) 2.31-4.92 (1.01-2.59 )
1.39-2.77 
(3.81-9.90)
1.30-5.50 
(5.397-12.34)
Sites 
Edible weight (total weight) g
Algés 1.42-8.49 (-) 0.95-5.77 (-) 0.73-2.03 (3.41-6.11)
2.34-4.61 
(7.96-20.99)
1.85-5.96 
(7.05-24.42)
Costa da Caparica 1.42-2.97 (-) 4.96-12.99 (-) 1.91-5.53 (5.10-11.27)
2.25-8.0 
(10.53-33.94)
2.02-5.26 
(7.23-11.48 )
Aljezur 3.80-18.76 (-) 3.67-8.37 (-) 0.96-5.78  (6.31-25.65)
1.14-9.50 
(2.81-26.61)
2.53-6.90 
(7.39-14.29)
Faro 1.33-18.92 (-) 5.63-12.66 (-) 5.15-19.21 (2.06-5.53)
7.02-19.86  
(2.27-5.17)
1.89-4.41 
(14.14-23.14)
(-) not mesuared
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Fig. 7 - Location of the sampling spots along the Portuguese coast. 
 
2.3. GC-MS conditions 
The gas chromatograph 6890 (Agilent, Little Falls, DE, USA) equipped with a Combi-PAL 
autosampler (CTC Analytics, Zwingen, Switzerland) and an electronically controlled 
split/splitless injection port was interfaced to a single quadrupole inert mass selective 
detector (5975B, Agilent) with electron ionization (EI) chamber. GC separation was 
performed on a DB-5MS column (30 mx 0.25 mm i.d. 0.25 µm film thickness; J&W 
Scientific, Folsom, CA, USA). Helium was the carrier gas with a constant flow of 1 mL/min. 
The injection was made in splitless mode (purge-off time 60 s) at 250°C. The oven 
temperature programme was as follows: 90°C held for  1 min, ramped to 150°C at 
20°C/min, ramped to 225°C at 5°C/min and then rampe d 300°C at 20°C/min held for 5.25 
min. Total run time was 28 min. The MS transfer line was held at 280°C. Mass 
spectrometric parameters were set as follows: electron ionization with 70 eV energy; ion 
source temperature, 230°C and MS quadrupole tempera ture, 150°C. The MS system was 
routinely set in selective ion monitoring (SIM) mode and each analyte was quantified 
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based on peak area using one target and two qualifier ion(s). Complete SIM parameters 
and retention times of the analytes are shown in Table 12. Agilent Chemstation was used 
for data collection/processing and GC–MS control. 
Table 12 – Retention times and MS conditions for the GC–MS analysis of musks and UV 
filters. 
 
Family/compound tR (min) time windows SIM ions m/z
a
 
Musks Celestolide 10.88 10.6 229, 244, 173, 230 
Galaxolide 13.19 13.0 243, 258, 282, 213 
Tonalide 13.41 13.0 243, 258, 159, 187 
M. moskene 13.90 13.7 263, 278, 128, 264 
M. xylene 13.45 13.0 282, 297, 243, 128 
M. ketone 15.61 15.1 279, 294, 280, 128 
Ethylene brassylate 16.11 15.9 227, 155, 211, 187 
UV filters EHS 
12.36 12.0 120, 138, 250, 92 
BP-3 16.61 16.4 227, 151, 228, 77 
4-MBC 16.92 16.4 254, 211, 171, 239 
IMC 16.57 16.4 178, 161, 248, 133 
BMDM 23.91 23.5 310, 135, 161, 295 
DBENZO 26.30 26.0 382, 397, 268, 383 
HS 13.86 13.7 138, 120, 121, 262 
EPABA 20.18 19.7 165, 148, 277, 164 
  EHMC 
20.68 20.4 178, 161, 290, 133 
 
a
Quantification ions are shown in bold type 
 
 
2.4. Statistical Analysis 
The relationships between concentrations of musks and UV filters, and between each 
other, in mussels, were examined using Spearman’s rank correlation analysis. A p value 
<0.05 was considered statistically significant. In order to monitor the fluctuations in the 
occurrence of the target compounds in the studied area, a spatial distribution and 
seasonal variation was evaluated. All statistical analyses were performed with the aid of 
IBM SPSS Statistics version 24 for Windows. 
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3.1. Sample optimization 
Based in previous works developed by the research group in which I was integrated, a 
procedure including QuEChERS extraction followed by DLLME was chosen for the 
simultaneous extraction of musk fragrances and UV filters from wild mussels.  
QuEChERS is considered a “green” analytical approach because it combines low 
utilization of solvents with a quick procedure with low waste production. DLLME is another 
recently developed extraction technique presenting unique features in what concerning 
simplicity of operation, amount of organic solvent extractor (only a few microliters), quick-
ness, and high enrichment factor. Overall, DLLME is a very suitable technique for the 
extraction/enrichment of compounds with some hydrophobicity prior to their determination 
by GC. 
The combination of QuEChERS with DLLME enables a rapid and inexpensive sample 
treatment that ensures a high enrichment factor and consequently good detection limits 
(116). However, in this work, due to the large number of compounds to be extracted from 
a complex matrix such as mussels, several extraction parameters like pre-cleaning with n-
hexane, acidification of the MeCN, and different types of extractive solvents, have been 
initially tested in order to assure the reliable extraction of musk and UV filters compounds. 
Then, optimized method was validated and applied in the assessment of musk and UV 
filter compounds in wild mussels collected in Portugal. 
Quality assurance 
Considering the widespread use of PCPs at high concentrations in a diversity of products, 
laboratory contamination can be a common situation. Precautions must be taken to 
prevent contamination from personnel, equipment and glassware. The use of any PCPs 
during either sampling or analytical procedures was avoided. Plastic material was avoided 
and all the glassware was previously rinsed with acetone before use. 
The following optimization deals with the evaluation of the applicability of a previous 
QuEChERS and DLLME methodology, developed by Cunha et al. (2012) (116), to this 
kind of sample matrix (mussel) and to a large number of different chemical compounds 
(musk fragrances and UV filters).  
Briefly, 0.5 g of freeze-dried homogenized sample was weight into a 40 mL dark glass 
tube and hydrated with 5 mL of deionized water. To QuEChERS procedure, 4 mL of 
acetonitrile (MeCN) was added and the tube was once again vortexed for 20 s. Next, the 
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salt mixture (2 g of anhydrous MgSO4 and 0.5 g of NaCl) was added and the tube was 
placed on a wrist action shaker vortex for 30 s and taken to a round shaker for 30 min. 
Then it was centrifuged for 5 min at 3500 g. A 3 mL aliquot of the MeCN layer was 
transferred to a 4 mL glass tube, and 50 µl of the IS1 (Chrysene–d12, 3 mg/L) was added. 
The extract obtained by the QuEChERS procedure was used as the dispersive solvent for 
DLLME. So, 1 mL of this extract was transferred to a new vial and 50 µl of BP-d10 (IS2, 1 
mg/L) and 60 µl of C2HCl3 were added and rapidly transferred to a 25-mL screw cap glass 
tube with conical bottom containing 3 mL of deionized water acidified to pH2, manually 
shaken and centrifuged for 3 min at 3500 g. The settled volume (~60 µl) was transferred 
to an insert, placed inside an injection vial and a volume of 1 µl was injected in the GC–
MS system. 
 
Fig. 8 – Recoveries (%) obtained for the different compounds using the extraction 
procedure based on Cunha et al. (2012) (116). 
The % of recovery was determined by comparing the analytical response of the analytes 
in spiked samples with a mix of musks and UV filters at 1 mg/L each before and after 
QuEChERS. Recovery values obtained in this first approach were not very high, ranging 
from 18-46% for musks and from 44-91% for UV filters (Fig. 8). This may be due to the 
fact that mussels contain a considerable lipid portion (about 15%) and although fats are 
not very soluble in MeCN, a certain quantity of them can be co-extracted (117) interfering 
with the analytical response.  
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Improvements to overcome these results were designed as described in the following 
sections. 
Sample pre-treatment 
Knowing that high fat extracts can cause interferences in GC analysis and damage the 
GC equipment (column, liner, etc.) and in order to improve the recovery values obtained, 
a washing step with n-hexane was introduced before the QuEChERS-DLLME 
methodology described in the section above.  
So, in order to evaluate the effect of n-hexane precleaning an experiment was conducted. 
Three sets of samples (A, B and C) were prepared as following: both A and B were initially 
spiked with a standards mixture (1 mg/L), while C was spiked with same mixture of 
standards in the end of QuEChERS.  
In experiment A was added 2 mL of n-hexane before QuEChERS. In experiment B and C 
was performed QueChERS as described in previous section. All the experiments were 
subject to DLLME after QueChERS. The % of recovery was determined by comparing the 
analytical response of the analytes in spiked samples with a mix of musks and UV filters 
at 1 mg/L before (A and B) and after QuEChERS (C). 
 
Fig. 9 - Effect of n-hexane pre-cleaning on the % of recovery of the target analytes. 
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Among musks, the use of n-hexane showed a slight improvement of the recoveries for the 
nitro musk xylene, from 43 to 48%, for the macrocyclic musk ethylene brassylate, from 44 
to 47% and a more impressive improvement for the polycyclic musk galaxolide, from 18 to 
74% (Fig. 9). It is worth noting that this value has an error associated of about 20% (RSD 
%). On the other hand, n-hexane pre cleaning impact on the recoveries of the UV filters 
was negative for all the compounds, especially for DBENZO; BMDBM, EHMC, HS and 
EHS, which showed decreases of 34, 23, 19, 15, and 13%, respectively.  
This pre-cleaning step with n-hexane showed other weaknesses as increased time of 
analysis and difficulties to remove the n-hexane layer that produced a gel after the 
washing procedure, implicating extra centrifugation steps in order to make possible its 
complete remotion without loss of the compounds. So the optimization efforts were 
continued without this step.  
The effect of MeCN acidification was further evaluated, taking in account that the 
maintenance of the better pH conditions throughout the process is important in order to 
ensure method reproducibility and improve the yields of extraction (57). 
 
Acidification of the MeCN 
Commonly, pH of the medium is an important parameter to consider in extraction 
procedures because it can affect the existing forms of some analytes in solution. This is 
special important in this case taking into account that some of the compounds in this study 
presented low pKa values, as can be seen in Table 4, so they are in ionized form at 
neutral pH, and it is well known, that this kind of analytes can be better extracted by 
organic solvents when they are in their neutral forms.  
To investigate the effect of pH on extraction efficiency, MeCN was acidified to pH 2 by 
adding a few drops of 6N HCl solution. At lower pH the analytes exist mostly in their 
neutral forms being the ionization suppressed, which is beneficial for their transfer to the 
organic phase. At higher pH values the analytes undergo ionization, resulting in 
decreases extraction yields (57). The effect of MeCN acidification to pH 2 was evaluated 
considering the % of recovery, calculated as referred previously, for the selected analytes 
being the results presented in Table 13. 
Slightly higher recoveries for almost analytes were achieved with the acidification of the 
MeCN to pH 2, as it was already reported by Cunha et al. (2015) (57). Increases in 
recoveries above 10% were observed for all the musks, being the most relevant for 
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galaxolide (36%) from 18 to 54%. Between the nitro musks, the increases in recoveries 
varied from 9%, 10% and 13% for M. ketone, M. moskene and M. xylene, respectively 
(Table 13). Similar recoveries improvements were achieved for some UV filters like EHS, 
BP-3, 4-MBC, IMC and HS (increases between 6-9%). However, for DBENZO, BMDM 
and EPABA, reductions of 4, 21 and 45% in the recovery was observed, probably 
because these compounds have lower pKa e.g. 2.39 for EPABA or some kind of 
degradation can occur. 
 
 
Table 13 – Comparison of the recovery values (%) obtained with the acidification of the 
MeCN to pH 2. 
Family/compound 
MeCN MeCN pH2 
Recovery (%) RSD (%) Recovery (%) RSD (%) 
Musks Celestolide 43 5 56 1 
Galaxolide 18 2 54 13 
Tonalide 42 5 54 3 
M. moskene 43 3 53 1 
M. xylene 43 2 56 1 
M. ketone 46 3 55 0 
Ethylene brassylate 44 1 62 0 
UV filters EHS 44 4 53 7 
BP-3 46 9 52 8 
4-MBC 47 3 54 3 
IMC 46 7 52 6 
BMDBM 69 2 48 2 
DBENZO 80 2 46 4 
HS 44 5 53 8 
EPABA 48 13 51 10 
EHMC 50 11 46 13 
 
In view of these results, the MeCN acidification to pH 2 was adopted in the present 
QuEChERS methodology. As already referred, the MeCN extract resultant from the 
optimized QuEChERS will be used as dispersive solvent in the following DLLME 
procedure, being the optimization procedure of the DLLME further focus in the type of the 
extractive solvent. 
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Influence of the extractive solvent in DLLME procedure. 
After QuEChERS, a DLLME procedure was performed to concentrate the compounds 
prior to their determination by GC. This approach allows the rapid extraction of lipophilic 
compounds from aqueous solutions by addition of an extractive and a dispersive solvent. 
The first is a high-density, water-insoluble solvent; whereas, acetone, methanol or 
acetonitrile are normally used as dispersive solvents. When this mixture comes in contact 
with the water a cloudy stage, consisting of fine particles of the extractor solvent dispersed 
into the aqueous phase, is formed. After centrifugation, the high-density solvent settles at 
the bottom of the extraction tube. Then, a fraction of the sedimented phase is injected in 
the chromatographic system (57). This technique uses a very small volume of extraction 
solvent and the contact surface between phases is infinitely large, leading to high 
enrichment factors and low extraction times. Rapidity, simplicity, low cost, effectiveness 
and high enrichment factors are the main advantages of this eco-friendly technique (57). 
In DLLME, the equilibrium is achieved in few seconds due to the large contact surface 
between tiny droplets formed and the sample. Therefore, the mass transfer of the analytes 
from aqueous matrix to the extraction solvent was quickly realized. In short, DLLME can 
be regarded as a time-independent method (116). 
One of the parameters that can be optimized in DLLME is the type of the extractive 
solvent, which should satisfy some requirements: (i) higher density than water, (ii) 
immiscibility with water, (iii) good extraction capability of the analyte(s), and (iv) 
chromatographic compatibility (57).  
The experiments were carried out using trichloroethylene (C2HCl3) or carbon disulfide 
(CS2) as extractive solvents. C2HCl3 has a density of 1.46 and its water solubility is 1.28 
g/L at 25 °C, fulfilling the requirements previously described for a good extractive solvent. 
CS2 has even lower solubility in water (2.17 g/L at 25°C) than C2HCl3 and its density is 
1.26, being also a good candidate to be used as extractive solvent in the DLLME 
procedure. The extract obtained by QuEChERS was used as the dispersive solvent for 
DLLME, by transferring 1 mL of the MeCN extract to a 3 mL vial tube. After adding 50 µL 
of BP-d10 (IS2, 1 mg/mL), 60 µl of C2HCl3 or 80 µl of CS2 were added to different extracts. 
Then, the mixture was rapidly transferred to a 25 mL glass tube with conical bottom 
containing 3 mL of deionized water acidified at pH 2. The tube was sealed and gently 
shaked by hand for 20 s and centrifuged at 3500 g for 3 min. The settled volume (~60 µl) 
was transferred to an insert, placed inside an injection vial and a volume of 1 µl was 
injected in the GC–MS system. 
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Fig. 10 - Recoveries of the analytes with 2 different extractive solvents: trichloroethylene 
(C2HCl3) and carbon disulfide (CS2).  
CS2 used as extractive solvent in this DLLME experiments provided better recoveries than 
C2HCl3, especially for UV filters with increases in recoveries up to 20% (EHMC) and 
around 10% for BP-3, 4-MBC, EPABA and IMC. A similar effect of CS2 improvement in 
recoveries was not
 
observed in musk fragrances with the exception for tonalide, for which 
8% increase was noticed. M. ketone showed a decrease of about 20% in the recovery 
with CS2 as extractive solvent when compared to C2HCl3 and M. xylene a decrease 
around 2%. Despite the slight better recoveries with CS2 when compared to C2HCl3 (Fig. 
10), CS2 presents some characteristics such as high toxicity, high volatility and instability, 
which lead us to choose C2HCl3 as extractive solvent to DLLME procedure. 
 
Derivatization Agents 
Taking into account the diversity of the compounds under study and in order to improve 
both the selectivity of the analysis and the efficiency of the chromatography, a 
derivatization step was attempted following the QuEChERS-DLLME extraction. 
Notwithstanding, it is important to note that most of these compounds, namely IMC, 4-
MBC, EPABA, BMDBM and all the musk fragrances could be detected without 
derivatization (57). 
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Three different conditions were evaluated: i) no derivatization, ii) derivatization with a 
silylation reagent mixture (BSTFA with 1 % TMCS) and iii) derivatization with an 
acetylation reagent (acetic anhydride - AA). 
A significantly higher intensity of the chromatographic response for the majority of the 
compounds was achieved with no derivatization process (Fig. 11). Only EHMC, galaxolide 
and EHS showed better recoveries when derivatized with AA and BSTFA, respectively. As 
a result, it was decided to choose to analyze the compounds without derivatization step. 
 
 
Fig. 11 - Results obtained using: no derivatization process, a silylation reagent mixture 
(BSTFA with 1 % TMCS) and an acetylation reagent (acetic anhydride – AA). 
In view of the results obtained during the experiments to best adapt the QuEChERS-
DLLME procedure previous developed by Cunha et al. (2012) (116), the best conditions 
were established as following: Pre-treatment - 0.5 g of freeze-dried homogenized sample, 
5 mL of deionized water; QuEChERS - 4 mL of acetonitrile (MeCN), 2 g of anhydrous 
MgSO4 and 0.5 g of NaCl, shaken for 1 h followed by centrifugation (5 min at 3500 g) – 
MeCN extract. DLLME – Transference of 1 mL of this extract to a new vial, addition of 
60µl C2HCl3, Rapidly transference to a 25-mL screw cap glass tube with conical bottom 
containing 3 mL of deionized water acidified to pH 2, centrifugation (3 min at 3500 g). The 
settled volume (~60 µl) was transferred to an insert, placed inside an injection vial and a 
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volume of 1 µl was injected in the GC–MS system. A simplified scheme of the procedure 
is shown in Fig. 12. 
 
Fig. 12 – Flow chart of the sample preparation used in this study. 
At this point, this combination of QuEChERS-DLLME showed to be an adequate, simple 
and fast extraction method for the detection of musk fragrances and UV filters from 
mussel samples, providing recoveries between 53-62% for the musk fragrances and 46-
54% to UV filters, with the consumption of very low volumes of organic solvents, 
maintaining the important feature of eco-friendly procedure. Overall, is an inexpensive 
way to obtain a high enrichment factor and consequently good detection limits. 
 
3.2. Method performance 
 
After the adaptation of the QuEChERS-DLLME method, developed by Cunha et al. (2012) 
(116), to the detection of musk fragrances and UV filter compounds in mussel samples, 
the validation of the final developed procedure was needed in order to provide its 
application in the monitoring of coastal contaminants in real mussel samples. The 
validation process of the QuEChERS-DLLME-GC/MS method was carried out following 
the SANCO guidelines (118). The results are showed in Table 15. 
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Matrix effect 
Initially, in order to evaluate the matrix effect, slopes of the calibration curves obtained 
from solvent (H2O) and from matrix (standards added to mussel samples commercially 
acquired) were compared (Table 14), being observed a matrix suppression effect, as 
previously referred in other studies (11, 57, 119). 
Table 14 - Results of the slopes obtained from the calibration curves conducted in H2O 
and in mussel. 
Family/compound 
Solvent (H2O) Matrix 
CC slope 
r
2
   
CC slope 
r
2
 
Musks Celestolide 0.0395 0.976 0.0278 0.988 
Galaxolide 0.0136 0.982 0.0084 0.992 
Tonalide 0.0520 0.997 0.0352 0.996 
M. moskene 0.0300 0.989 0.0214 0.996 
M. xylene 0.0168 0.989 0.0125 0.997 
M. ketone 0.0172 0.981 0.0130 0.997 
Ethylene brassylate 0.0074 0.997 0.0048 1.000 
  
UV filters EHS 0.0306 0.983 0.0193 0.981 
BP-3 0.0517 0.964 0.0276 1.000 
4-MBC 0.0158 0.989 0.0095 0.993 
IMC 0.0376 0.997 0.0240 0.996 
BMDBM 0.0012 0.357 0.0055 0.982 
DBENZO 0.0003 0.198 0.0030 0.996 
EHMC 0.0609 0.975 0.0357 0.999 
 
One of the major drawbacks in the analysis of biological samples is often the high matrix 
effect (ME) observed. Although GC–MS is a powerful instrumental technique, it is likely 
the observance of matrix effects, which may negatively affect the quantification of the 
target analytes. Therefore, in this study the percentage of matrix effect was calculated for 
each compound by the ratio of the slopes of the calibration curves (CC) obtained in matrix 
(mussel samples) and in the solvent (H2O), which was then multiplied by 100 to get the 
enhancement or suppression in percentage (Eq. 1). 
 
Eq.1: 
Matrix	effect	(%) = 	
m	(CC	matrix)
m	(CC	H2O)
	× 100 
 61 
 
The value of 100% indicates that there are no significant ME; values above 100% signal 
signifies enhancement and values below 100% signal suppression (120). A signal 
suppression was observed for all the compounds in study (Fig. 13). Musk fragrances 
showed ME values ranging from 62 and 76% and slightly lower values for the UV filters 
(53-68%).  
 
Fig. 13 – Matrix effect (%) results for the selected analytes. 
Taking in consideration the ME values obtained all the validation studies were performed 
by using mussel extracts obtained from samples free of the analytes of interest. The 
samples purchased from a local supermarket were freeze-dried and liofilized previously of 
being homogenized and stored at 4 °C, protected from light. 
Linearity 
Linearity was studied using matrix-matched calibration by analyzing the samples 
commercially acquired, spiked at nine concentration levels (0.5, 2, 5, 10, 50, 100, 250, 
500 and 750 ng/g). All matrix-matched standard solutions used throughout the study were 
prepared by spiking 0.5 g of sample before QuEChERS with 50 µl of appropriate standard 
musk and UV filter solutions, prepared in MeCN. Spiked samples were left to stand for 1 h 
prior to extraction to allow compounds diffusion onto the matrix and evaporation of the 
solvent, and were extracted by the combined QuEChERS-DLLME method described in 
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the sample preparation section (Fig. 13). Figure 14 shows a total ion chromatogram of a 
mussel sample spiked with a mixture of musks and UV filters at 500  ng/g. 
 
Fig. 14 – Total ion chromatogram obtained with a mussel sample spiked with a mixture of 
musks (1 - celestolide, 2 - galaxolide, 3 - tonalide, 4 - M. moskene, 5 - M. xylene, 6 - M. 
ketone, 7 - ethylene brassylate) and UV filters (8 - EHS, 9 - BP-3, 10 - 4-MBC, 11 - IMC 
and 12 – EHMC) at 500 ng/g, and IS1 (Chrysene d-12, 3 mg/L) and IS2 (BP d-10, 1 
mg/L). 
 
Calibration curves were constructed by plotting the analytes/IS1 ratio obtained against the 
concentration of analytes. The IS1 (chrysene–d12; 3 mg/L), was added before 
QuEChERS extraction to keep track of possible losses occurring during the sample 
preparation. A second IS (IS2, BP-d10, 1 mg/L) was added before DLLME extraction, with 
internal quality control purposes, to account for possible losses during DLLME step and to 
monitorize GC injection. The results obtained demonstrated a good linearity within the 
tested interval, with correlation coefficients (r) always higher than 0.995 for all analytes 
(Table 15), provided by the presence of the IS1. 
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Limits of detection and limits of quantification 
The quantification limits were established as the lowest concentration assayed quantified 
with acceptable accuracy and precision (RSD<15%), which were the lowest calibration 
level of the calibration curve. LOQ varied between 0.5 to 50 ng/g (dw) for the musk 
fragrances and from 0.5 and 100 ng/g (dw) for UV filters.  
As it can be seen in Table 15, the lowest LOQs obtained for musks were 0.5 ng/g (musk 
moskene), 2 ng/g (celestolide) and 5 ng/g (dw) for musk ketone and galaxolide. Higher 
LOQs (50 ng/g (dw)) for musk xylene and ethylene brassylate were obtained. It was not 
possible to differentiate the responses among musks, in nitro and polycyclic, as it was for 
Cunha et al. (2015) (57) and Vallecillos et al. (2015) (70), in which the higher LOQs were 
obtained for the nitro musks and lower LOQs for polycyclic (2.5-7.5 ng/g (dw)). Picot Groz 
et al. (2014) (11) also reported high LOQ for musk ketone (50 ng/g). Even though, for the 
polycyclic musks, similar LOQs to those observed in this study, were reported (0.5 and 2.5 
ng/g (dw) for galaxolide and celestolide, respectively). It’s worth noting that the results in 
the different studies mentioned earlier, were obtained in mussels using QuEChERS. 
Among UV filters, EHMC and BMDBM presented the lowest LOQs of 0.5 ng/g (dw), and 
DBENZO and HS the highest with 100 ng/g (dw). These are similar to those reported by 
Picot Groz et al. (2014) (11) and Bachelot et al. (2012) (56) (5 ng/g for EHMC) in mussels 
using QuEChERS and MAE followed by GC/MS and RP-HPLC, respectively. 
The method detection limits (LOD) were determined by successive analysis of diluted 
extracts until a 3:1 signal-to-noise ratio (S/N) was reached (121). Lower LODs were 
achieved in this study for the nitro musk moskene 0.5 ng/g (dw) and similar value for musk 
ketone with 5 ng/g (dw), when compared to those obtained by Cunha et al. (2015) (57). 
Musk xylene showed a higher LOD of 50 ng/g (dw) 10 times higher to that reported by 
Cunha et al. (2015) (57). 
 
Recovery 
For the recovery studies, samples were spiked with 50 µl of mixed standard solutions of 
the compounds; the final extract (3 mL) was placed into vials and spiked with 50 µl of the 
internal standard BP-d10 (IS2, 1 mg/L). Three spiking levels (50, 100 and 500 ng/g) were 
selected and six replicates (n=6) analysed at each level. Peak areas of analytes in 
samples spiked before QuEChERS were compared with peak areas obtained from similar 
samples extracted containing IS1 and analytes at same levels, with the standards addition 
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done after extraction. Good recoveries (between 62% and 77%) were obtained for the 2 
higher concentration levels (100 ng/g and 500 ng/g (dw)). Worse results were obtained for 
the recoveries determined at 50 ng/g level, with recoveries comprised between 30% and 
159%. These results are similar to those obtained by Saraiva et al. (2016) (69) who 
observed the same trend, using QuEChERS followed by GC/MS.  
 
Precision 
Intra-day and inter-day precision were evaluated at 100 ng/g level. For that purpose, six 
spiked samples were extracted and analysed in two different days for a period of three 
weeks. The presence of the IS improved the method repeatability, expressed as % of 
relative standard deviations (%RSD) with precision values below 18% for all compounds 
at the three concentrations levels. Inter-day repeatability values achieved (n=6, 100 ng/g 
(dw)) were below 15% (Table 15). 
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Table 15- Performance of the analytical protocol: recovery (%) and repeatability (%RSD), for the compounds in study, obtained in mussel 
spiked samples using QuEChERS followed by DLLME and GC-MS analysis (n=6). 
Family/compound Linearity LOD  LOQ Recovery (%)   Intra-day precision RSD (%)   Inter-day precision RSD (%) 
    r
2
 (ng/g) (ng/g) 50 ng/g  100 ng/g  500 ng/g  50 ng/g  100 ng/g  500 ng/g   100 ng/g   
Musks Celestolide 0.998 2 2 55 76 66 5 10 10  2  
Galaxolide 0.998 5 5 74 72 65 9 6 10  11  
Tonalide 0.996 0.5 10 72 76 64 3 10 9  7  
M. Moskene 0.998 0.5 0.5 51 72 64 5 13 9  5  
M. Xylene 0.995 5 10 64 74 62 18 10 9  9  
M. Ketone 0.994 5 5 30 73 73 7 11 10  7  
Ethylene brassylate 0.999 50 50 - 77 68 - 18 10  13  
   
UV filters EHS 0.997 0.5 5 96 82 74 7 8 9  7  
BP-3 0.994 2 2 107 67 62 4 9 9  11  
4-MBC 0.997 2 5 135 69 63 6 8 9  8  
IMC 0.998 5 5 83 69 69 4 9 9  11  
BMDM 0.990 0.5 0.5 30 40 46 9 15 3  15  
DBENZO 0.999 50 100 159 87 60 7 9 8  8  
HS 0.988 50 100 - 88 64 6 9 8  11  
EPABA 0.999 0.5 2 116 85 46 7 6 9  8  
EHMC 0.991 0.5 0.5 98 80 57 3 9 10  11  
                    
Notes: RSD - Relative standard deviation; LOD – Limit of detection; LOQ – Limit of quantification; (-) not determined. 
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3.3. Occurrence of Musk fragrances and UV filters in mussels samples 
The optimized and validated QuEChERS-DLLME GC-MS method was applied to quantify 
musk and UV filter compounds in mussel samples collected along Portuguese shores, at 
seven different locations (Viana do Castelo, Leça da Palmeira, Vagueira, Algés, Costa da 
Caparica, Aljezur and Faro) in five sampling campaigns (January, March, May, July and 
October), during 2015, resulting in 30 composed samples. Results are presented on Table 
16.  
In Figure 15 is showed a positive sample collected in Algés, (October of 2015) obtained 
by the optimized QuEChERS-DLLME-GC-MS method, together with the individual 
chromatogram in selected ion monitoring (SIM) mode of tonalide and BP-3. 
 
 
Fig. 15 – Total ion chromatogram (TIC) of mussel sample of October (2015) from Algés 
obtained by the optimized QuEChERS-DLLME-GC-MS method, together with the 
individual chromatogram in selected ion monitoring (SIM) mode of tonalide and BP-3. 
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Musk fragrances in mussels 
Representing two classes of PCPs, a total of twelve compounds, seven musk fragrances 
and five UV filters, were evaluated in this work (Table 16). Two of the seven musks, 
ethylene brassylate and M. ketone were not detected in any sample. Ethylene brassylate, 
a macrocyclic musk pertaining to the third generation of synthetic musks, is reported to be 
used in much less extent in cosmetic products because of its high production costs, so it 
was expected to be less bioaccumulated than the others (122). No detected levels of M. 
ketone were also reported by Cunha et al. (2015) (57) and Vallecillos et al. (2015) in 
mussels and fishes collected in European coast.  
M. xylene (nitro musk) was detected in only one sample (January, Algés) at 18.4 ng/g 
(dw). In 2009, the International Fragrance Association (IFRA), a self-regulating system in 
the fragrance industry, voluntarily banned M. xylene because of its potential effects in the 
environment. The European Commission announced, in 2011, a decision to ban musk 
xylene under REACH (123). These two referred nitro musks (M. ketone and M. xylene) 
are listed in Annex III of EU Cosmetics Directive for restricted substances. M. xylene is 
provisionally allowed to be used up to 1.0% in fine fragrance, up to 0.4% in eau de toilette 
and up to 0.03 % in other cosmetic products, while for M. ketone the concentrations 
allowed are 1.4% in fine fragrance, up to 0.56% in eau de toilette and up to 0.042% in 
other cosmetic products (24). Despite this restrictions, low levels of M. xylene were 
detected in seafood, ranging from 0.013 ng/g (65) and <50 ng/g (dw) (11) along French 
and Portuguese coasts, respectively. The presence of M. ketone in mussels was 
observed by Saraiva et al. (2015) (65), below the LOQ (0.002 ng/g (dw)). 
Interestingly, M. moskene was detected in six mussel samples in this study, wich 
correspond to 20% of detection frequency, although at low levels, ranging from 9.3 ng/g 
(dw) to 15.2 ng/g (dw). This is surprising taking into account that this compound is listed in 
Annex II of EU Cosmetics Directive for prohibited substances in cosmetic products, and it 
was phased out since the 80s (13). In the literature, no detected levels are reported for the 
occurrence of this compound in aquatic biota (57, 119) and most frequently, this 
compound is not even analysed. However, nitro musks are still being produced in China 
and India and used in non-cosmetic compounds, like detergents and household cleaning 
products in the USA (122), contributing to the levels found in environment.  
Overall, given the environmental persistence and the continued use of these compounds 
even at low concentrations, attention should be given on nitro musks occurrence and the 
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possible toxicological effects by long term exposure, despite of their restricted or forbidden 
status. 
For the polycyclic musks (celestolide, galaxolide and tonalide) a different trend was 
observed. Celestolide was detected in only one sample (14.5 ng/g (dw)) at Leça da 
Palmeira in March. Low detection frequency for celestolide, when compared with the other 
polycyclic musks, was also observed by Cunha et al. (2015) (57), Vallecillos et al. (2015) 
(70) and Saraiva et al. (2016) (65).  
 
Fig. 16 – Total concentrations (ng/g dw) observed for the different musks in the mussel 
samples analysed. 
Galaxolide and tonalide are the most frequently used musks in cosmetics, being 
considered high volume production chemicals (HVPC). Galaxolide, despite having been 
detected in only 20% of the samples, reached one of the highest concentrations 
measured in this study, 159.4 ng/g (dw) at Costa da Caparica in January. Cunha et al. 
(2015) (57) found lower levels of galaxolide in mussels collected from Po estuary (34.52 
ng/g) similar to those found in mussels by Ziarrusta et al. (2015) (66) in Central America 
coast (45 ng/g). However, higher levels of galaxolide were reported in mussels along 
Asia-Pacific coast ranging from 110 to 3300 ng/g (dw) (67).  
Tonalide was the most frequently detected musk in this study (57%), with levels ranging 
from not detected (in twelve samples) up to 31.7 ng/g (dw), being worth noting that this 
maximum concentration was observed at Costa da Caparica in January, the same sample 
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where galaxolide reached its maximum concentration. Lower levels have been reported in 
mussels collected in European coast ranging from 1.23 to 12.99 ng/g (dw) (57, 65, 70). 
Nakata et al. (2012) (67) and Subedi et al. (2014) (19) reported levels ranging from not 
detected up to 860 ng/g (dw) in mussels collected in Asia Pacific coast and USA coast. A 
correlation between these two compounds has been described in literature (57), stating 
similar detection frequencies for both compounds and higher concentrations of galaxolide. 
This supports that galaxolide, as previously referred, is used and produced in a higher 
proportion than tonalide, wich translates in the detected levels in aquatic biota (11, 19, 26, 
57, 67, 119). In our results galaxolide is also the most prevalent compound (Fig. 16), 
however a higher detection frequency for tonalide was observed. Nevertheless, in every 
sample where galaxolide was detected tonalide was also present at lower levels than the 
first (Table 16). Similar results were reported by Ziarrusta et al. (2015), Saraiva et al. 
(2016) and Reiner et al. (2011) (66, 69, 71). 
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Table 16 – Musks and UV filters levels (ng/g dw) measured in 2015 sampling campaign in Portuguese beaches. 
Sampling 
 
Compounds 
Location Date  
Musks   UV filters   
  
Celestolide Galaxolide Tonalide M. Moskene M. Xylene M. Ketone 
Ethyl 
brassylate 
  EHS BP-3 4-MBC IMC EHMC   
Viana do Castelo January 
 
nd nd 23.3 nd nd nd nd 
 
<5 nd nd nd nd 
 
 
March 
 
nd nd <10 nd nd nd nd 
 
9.1 nd nd nd 51.3 
 
 
May 
 
nd nd <10 nd nd nd nd 
 
6.4 nd nd nd 4.1 
 
 
July 
 
- - - - - - - 
 
- - - - - 
 
 
October 
 
nd nd <10 nd nd nd nd 
 
25.4 nd nd nd <0.5 
 Leça da Palmeira January 
 
nd nd <10 12.7 nd nd nd 
 
25.6 nd nd nd nd 
 
 
March 
 
14.5 nd nd nd nd nd nd 
 
52.0 nd nd nd 75.0 
 
 
May 
 
nd nd nd nd nd nd nd 
 
nd nd nd nd 11.8 
 
 
July 
 
nd 27.5 <10 nd nd nd nd 
 
5.4 <2 nd nd 14.7 
 
 
October 
 
nd nd nd nd nd nd nd 
 
nd 622.1 nd nd 69.8 
 Vagueira January 
 
- - - - - - - 
 
- - - - - 
 
 
March 
 
- - - - - - - 
 
- - - - - 
 
 
May 
 
nd nd <10 nd nd nd nd 
 
17.9 51.6 <50 24.9 49.8 
 
 
July 
 
nd nd nd nd nd nd nd 
 
<5 nd nd nd nd 
 
 
October 
 
nd 15.6 17.5 nd nd nd nd 
 
38.9 106.9 74.6 40.4 67.0 
 Algés January 
 
nd 55.3 13.0 9.3 18.4 nd nd 
 
22.0 99.2 60.3 43.1 nd 
 
 
March 
 
nd 46.3 12.7 9.6 nd nd nd 
 
30.3 121.5 88.3 30.5 94.1 
 
 
May 
 
- - - - - - - 
 
- - - - - 
 
 
July 
 
nd nd nd 10.5 nd nd nd 
 
7.2 nd nd nd nd 
 
 
October 
 
nd 37.1 11.3 nd nd nd nd 
 
19.3 89.2 67.3 33.2 48.3 
 
Notes: nd – not detected; (-) not determined. 
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Table 16 – Musks and UV filters levels (ng/g dw) measured in 2015 sampling campaign in Portuguese beaches (cont.). 
Sampling 
 
Compounds 
Location Date  
Musks   UV filters   
  
Celestolide Galaxolide Tonalide M. Moskene M. Xylene M. Ketone 
Ethyl 
brassylate 
  EHS BP-3 4-MBC IMC EHMC   
Costa da Caparica January 
 
nd 159.4 31.7 nd nd nd nd 
 
nd nd nd nd 181.8 
 
 
March 
 
nd nd nd 12.8 nd nd nd 
 
24.0 51.2 nd nd 69.6 
 
 
May 
 
nd nd nd nd nd nd nd 
 
59.3 nd nd nd <0.5 
 
 
July 
 
nd nd nd nd nd nd nd 
 
nd nd nd nd nd 
 
 
October 
 
nd nd nd 15.2 nd nd nd 
 
nd nd nd nd nd 
 Aljezur January 
 
nd nd <10 nd nd nd nd 
 
5.6 nd nd nd <0.5 
 
 
March 
 
nd nd nd nd nd nd nd 
 
11.5 nd nd nd 26.2 
 
 
May 
 
nd nd nd nd nd nd nd 
 
11.6 nd nd nd <0.5 
 
 
July 
 
nd nd nd nd nd nd nd 
 
nd nd nd nd nd 
 
 
October 
 
nd nd nd nd nd nd nd 
 
7.0 nd nd nd <0.5 
 Faro January 
 
nd nd 26.0 nd nd nd nd 
 
nd nd nd nd <0.5 
 
 
March 
 
nd nd 18.7 nd nd nd nd 
 
nd nd nd nd 34.9 
 
 
May 
 
nd nd 20.1 nd nd nd nd 
 
13.5 nd nd nd <0.5 
 
 
July 
 
- - - - - - - 
 
- - - - - 
   October   nd nd 18.3 nd nd nd nd   9.6 nd nd nd <0.5   
 
Notes: nd – not detected; (-) not determined. 
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UV filters in mussels 
The UV filters detected in the sampling sites were quantified at higher concentrations and 
more frequently in mussel tissues than musk fragrances (Fig 17).  
Both 4-MBC and IMC showed a detection frequency of 17%, interestingly being found in 
the same sampling points (Algés and Vagueira), with concentrations ranging from 40.8 to 
88.3 ng/g (dw) and from 24.9 to 43.1 ng/g (dw), respectively. A high correlation with 
Spearman’s rank correlation analysis was observed for these two compounds (r=0.991, 
p≤0.001), indicating a probable similar source. Recently, Gago-Ferrero et al. 2015 (3), 
reported lower levels for 4-MBC in aquatic biota, ranging from not detected up to 2.7 ng/g 
(dw). Much higher levels were reported by Balmer et al. 2005 (124) and Buser et al. 2006 
(59) in fishes from lakes and rivers in Switzerland with high recreational activities, 
reaching maximum concentrations of 1800 ng/g (dw). However, Cunha et al. (2015) (57), 
analyzing UV filters in mussels collected from European coast, did not found detectable 
levels of these two compounds. It is worth noting that both 4-MBC and IMC are not 
allowed to use in cosmetics in USA and Japan, while in EU they can be incorporated in 
cosmetics in concentrations up to 4 and 10 %, respectively (125). 
BP-3 was found in eight out of the 30 samples analysed, corresponding to 27% of 
detection frequency, reaching a maximum concentration of 622.1 ng/g (dw) at Leça da 
Palmeira in October. It was found in levels higher than 150 ng/g (dw) in other two 
locations, Algés and Vagueira (Fig. 14). Levels reported in literature for BP-3 in aquatic 
organisms, ranged from not detected to 123 ng/g (dw) in mussels and perchs from 
European coast and lakes in Switzerland, respectively (57, 124). Higher levels up to 1037 
ng/g (lw) were detected in cod liver by Langford et al. 2015 (61).  
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Fig. 17 – Variation of the concentrations (ng/g dw) observed for musks and UV filters, in 
the mussel samples analysed, along the different sampling sites, during 2015. 
EHS and EHMC both showed a detection frequency of 73%, however they were not 
significantly correlated (r=0.150, p≤0.001). Cunha et al. (2015) (57) reported not detected 
levels for EHS and below 20 ng/g (dw) for EHMC in mussels collected in European coast. 
Despite the relative high concentrations of 181.8 ng/g (dw) found in this work for EHMC, in 
Costa da Caparica (January), Picot Groz et al. (2014) (11) found levels up to 1765 ng/g 
(dw) in mussels collected in the south of Portugal. This may be explained by differences in 
the sampling conditions (location, time points, etc.). In a similar range than our results, 
levels of 240 ng/g (dw) were reported by Bachelot et al. (2012) (56) in mussels from 
French coasts.  
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Fig. 18 – Total concentrations (ng/g dw) observed for the different UV filters in the mussel 
samples analysed. 
Overall, EHS was detected at lower total levels than EHMC, with maximum total 
concentrations of 401.8 and 798.4 ng/g (dw), respectively. An explanation can be that 
both EHS and EHMC are allowed to be use in cosmetics worldwide, but the maximum 
concentrations allowed are lower for EHS (5-10% and 7.5-20%, respectively) (125). BP-3 
and EHMC showed the highest total concentrations for the UV filters analysed during the 
monitoring study in 2015 (Fig. 18) reaching total concentrations up to 1141.6 and 798.4 
ng/g (dw), respectively. Apart from the fact that they are extensively used not only in 
several personal care products but also in food additives, plastics, detergents and paints, 
and may enter the environment directly or indirectly through wastewater, they both are 
allowed for use in cosmetics by all the different regulations worldwide at concentrations 
>10 % up to 20 % (125). For these reasons, its occurrence may be higher than the rest of 
the UV filters analysed. A significant correlation was observed for BP-3 and EHMC 
(r=0.536, p≤0.001) indicating probable similar sources.  
 
Geographical distribution 
Seven locations along Portuguese shore were sampled during 2015, from January to 
October. Overall, UV filters were more frequently detected and quantified at higher 
concentrations in mussel than fragrances, as it was previously referred and as it can be 
seen in Figure 19.  
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Overall, Algés was the location which presented more incidences of the compounds 
analysed and showed the highest concentrations values for musks and UV filters in 
mussels, followed by Leça da Palmeira, Costa da Caparica and Vagueira. On the other 
hand, in Viana do Castelo and Faro fewer compounds were present. Low levels for UV 
filters (61.9 ng/g (dw) and not detected levels for musks were observed in Aljezur. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19 – Geographical distribution of the total concentrations (ng/g dw) for musks and UV 
filters, observed in mussel samples. 
Algés beach is located in the mouth of Tagus estuary, right beside Pedrouços dock. The 
Tagus estuary lies in great Lisbon metropolitan area, with about 3.2 million inhabitants. 
It´s a region with high population density and intense industry and agriculture activities. 
The estuary receives discharges, many times without any treatment, from all the 
anthropogenized area surrounding it, ending all up near Algés beach. This human 
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pressure can be reflected by the high total levels of musks and UV filters detected in 
mussels collected from Algés beach (223.7 and 853.7 ng/g dw, respectively). Costa da 
Caparica beach is also located in Lisbon metropolitan area and not very far from Algés 
(~15 Km). Situated on the occidental coast of the Peninsula of Setúbal, the territory is the 
result of ocean receding, covering an area of 10.18 km² between the water and main 
escarpment. Its coastal extent represents the largest contiguous beach in Portugal, with 
an expanse of approximately 30 km. It is in a protected area called “Costa da Caparica 
Fossil Cliff Protected Landscape”. The lower total levels found in this beach (385.9 and 
219.2 ng/g (dw) or UV filters and musks, respectively) when compared with Algés could 
be not only for being a part of a protected area, but also to the fact of Costa da Caparica 
is facing the Atlantic Ocean. It is worth noting that the total musks concentrations 
observed were quiet similar for Algés and Costa da Caparica (223.7 and 219.2 ng/g (dw), 
respectively, illustrating their proximity and probable similar sources for this contaminants 
in the Tagus estuary area, being these the two locations with higher incidence of musks 
(Fig 19). 
Leça da Palmeira beach is located in the mouth of Leça estuary, close to Leixões Harbor 
and Matosinhos refinery. Contrary to Tagus estuary, Leça is small and is very 
artificialized, being occupied almost entirely by the Leixões harbor, the largest artificial 
port in northern Portugal. It lies in Porto metropolitan area, with about 1.7 million of 
inhabitants, and receives all the discharges from the surrounding areas heavily 
industrialized (Maia and Matosinhos). Also, it is located near to Douro estuary, being this 
a strong contributor especially during winter season with winds coming from the south. 
Due to the strong anthropogenic pressure of the area, the Leça River has been 
considered by the Portuguese authorities as one of the most polluted aquatic 
environments in the North of Portugal and many efforts have been made to try to reverse 
this situation (126). The high total levels of UV filters detected in mussels collected in Leça 
da Palmeira beach (876.5 ng/g (dw)) probably illustrate the discharges of untreated 
wastewaters along the river as well as high human pressure with intense recreational 
activities like swimming and surfing. These levels were similar to those found in Algés 
(856.7 ng/g (dw)). Rocha et al. (2012) (126) found levels of endocrine disruptor 
compounds (ECDs) in seawater in Leça da Palmeira beach, up to 150 ng/L, alerting for 
the high contamination of this estuary. On the other hand, musk fragrances were detected 
at lower levels (54.8 ng/g (dw)). A similar trend was observed in Vagueira with high levels 
for UV filters (512.6 ng/h (dw)) and lower musks concentrations (33.1 ng/g (dw)). Vagueira 
beach, located near Aveiro lagoon and estuary, faces the Atlantic Ocean. Aveiro lagoon 
suffers from human pressures such as discharges from industrial point sources (main 
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source), disposal of solid waste management and leaching from agricultural areas, being 
covered by DPSIR (Driving forces and Pressures on an area, the State of the environment 
and the Impacts these forces have and the Responses that are undertaken) - a causal 
framework for describing the interactions between society and the environment   ̶  for 
assessing mercury pollution (127).  
A different trend was observed for Viana do Castelo and Faro. Faro is located in the 
protected area of “Parque Natural da Ria Formosa”. This situation as well as not being 
close to highly density populations could contributed for the low levels of musks and UV 
filters found in mussels collected in these beaches. Both musks and UV filters were 
detected in lower total levels when compared to the other sampling locations, and in the 
same range (119.6 and 141.2 ng/g (dw)). Despite the recreational activities from the 
bathers, in Viana do Castelo a total concentration of 96.3 ng/g (dw) for UV filters and 23.3 
ng/g (dw) for musks were observed. Inversely, in Faro it was observed a higher total level 
for musks (83.1 ng/g (dw) corresponding only to tonalide) than for UV filters (58.1 ng/g 
(dw)).  
Aljezur, located in “Parque Natural do Sudoeste Alentejano e Costa Vicentina”, was the 
location with less incidence of the compounds. Musks were not detected and EHS and 
EHMC were the only UV filters detected at a total concentration of 61.9 ng/g (dw), 
similarly to Faro where UV filters detected were in the same range of concentrations and 
only EHS and EHMC were present.  
At whole, a geographical variation was observed along the Portuguese coastal areas, 
being the higher levels related to the higher population density, the proximity to estuaries 
and industrial activities. Low levels were observed in the beaches located in protected 
areas and facing the Atlantic Ocean, with less population density. 
Seasonal variation 
A seasonal variation was observed being the highest total concentrations of musks and 
UV filters observed in October (1434.1 ng/g (dw)), followed by March (884.2 ng/g (dw) and 
January (786.7 ng/g (dw)). The lowest total concentrations of musks and UV filters were 
observed in July (65.4 ng/g (dw) followed by May (329.8 ng/g (dw)) as Figure 20 points 
out. From this data it is possible to infer that values are higher after the bathing season for 
the same location (Table 15). Similarly, Fent et al. (2010) (55) showed that fresh water 
mussels collected in a Swiss lake where bathing was practiced had higher concentrations 
after summer than before. These data are slightly distinct to those reported by Picot Groz 
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et al. (2014) (11) and by Bachelot et al. (2012) (56) for mussels collected from Portuguese 
and French coasts, respectively, where seasonal trends for these compounds were 
reported with the highest concentrations detected in the summer period, after the start of 
the bathing season. On the other hand, in this monitoring campaign no samples were 
collected during the summer period, only before (July) and after (October), making it 
difficult to compare. 
 
Fig. 20 – Seasonal change of the total UV filters concentrations (ng/g dw) observed in 
mussels during the monitoring study conducted in 2015. 
UV filters were the predominant contaminants between March and October, and musks 
reach higher levels in January, but still below UV filters (349.2 and 437.5 ng/g (dw), 
respectively). 
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The present work reports the improvement and further application to real samples of an 
already established QuEChERS-DLLME-GC/MS methodology for the simultaneous 
detection and quantification of seven musk fragrances (celestolide, galaxolide, tonalide, 
musk moskene, musk ketone, musk xylene and ethylene brassylate) and five UV filters 
(EHS, BP-3, 4-MBC, IMC and EHMC) in marine mussels (M. galloprovincialis). 
QuEChERS/DLLME extraction procedure proved to be a useful extraction method to 
selected PCPs, using low volume of organic solvents. Recoveries were higher than 72% 
for musks and 69% for UV filters. The analytical method allowed the determination of the 
target analytes at low concentrations in the order of few ng/g dw, from marine organisms 
exposed in coast water. The method was applied to wild mussel samples collected in 
seven different sites on the south coast of Portugal in five different periods during 2015. 
The occurrence of the target compounds varied depending on localization or on season. 
Two musk fragrances (musk ketone and ethylene brassylate) were not found in any 
samples. Two UV filters (EHS and EHMC) were detected in 73% of the samples, 
suggesting their ubiquitous contamination and widespread distribution. EHMC and BP-3 
were detected at higher levels than EHS, 4-MBC and IMC, due probably to their wide 
presence in the formulation of several PCPs but also in food additives and detergents. 
Overall, higher levels were detected after the bathing season in October. Finally, this 
study revealed the occurrence and widespread contamination by emerging pollutants, 
such as synthetic musks and UV filters, in coastal waters of Portugal. However, little 
information on ecotoxicological implications of such chemicals is available. 4-MBC, BP-3 
and EHMC routinely exceed the MAC established as environmental quality standards 
(EQS) of some compounds under the EU Water Framework Directive (above to 50 ng/g). 
In view of the results obtained it is reasonable to suggest that some of the compounds 
here studied could be appropriate for inclusion in future coastal bivalve monitoring efforts 
based on their high concentrations or detection frequencies. 
 
 
 
 
 
 
 
 
 
 82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BIBLIOGRAPHY 
  
 
 
 85 
 
1. Giokas DL, Salvador A, Chisvert A. UV filters: From sunscreens to human body and the 
environment. Trac-Trend Anal Chem. 2007 May;26(5):360-74. PubMed PMID: 
WOS:000247132000012. English. 
2. Klimova Z, Hojerova J, Berankova M. Skin absorption and human exposure estimation of 
three widely discussed UV filters in sunscreens--In vitro study mimicking real-life consumer 
habits. Food Chem Toxicol. 2015 Sep;83:237-50. PubMed PMID: 26151237. 
3. Gago-Ferrero P, Diaz-Cruz MS, Barcelo D. UV filters bioaccumulation in fish from Iberian 
river basins. Sci Total Environ. 2015 Jun 15;518-519:518-25. PubMed PMID: 25777957. Epub 
2015/03/18. eng. 
4. Díaz-Cruz MS, Barceló D. Chemical analysis and ecotoxicological effects of organic UV-
absorbing compounds in aquatic ecosystems. TrAC Trends in Analytical Chemistry. 2009 
6//;28(6):708-17. 
5. Stiefel C, Schwack W. Photoprotection in changing times - UV filter efficacy and safety, 
sensitization processes and regulatory aspects. Int J Cosmet Sci. 2015 Feb;37(1):2-30. PubMed 
PMID: 25256657. Epub 2014/09/27. eng. 
6. FAO. The State of World Fisheries and Aquaculture. FOOD AND AGRICULTURE 
ORGANIZATION OF THE UNITED NATIONS. 2014. 
7. OECD. COUNTRY NOTE ON NATIONAL FISHERIES MANAGEMENT SYSTEMS - PORTUGAL 
2012. 
8. OECD. Review of Fisheries in OECD Countries 2009 Policies and Summary Statistics: 
Policies and Summary Statistics. 2010. 
9. Health EoFa. Encyclopedia of Food and Health. Benjamin Caballero PT, editor: Elsevier; 
2016. 
10. Balmer ME, Buser HR, Muller MD, Poiger T. Occurrence of some organic UV filters in 
wastewater, in surface waters, and in fish from Swiss lakes. Environmental Science & 
Technology. 2005 Feb 15;39(4):953-62. PubMed PMID: WOS:000227001700008. English. 
11. Picot Groz M, Martinez Bueno MJ, Rosain D, Fenet H, Casellas C, Pereira C, et al. 
Detection of emerging contaminants (UV filters, UV stabilizers and musks) in marine mussels 
from Portuguese coast by QuEChERS extraction and GC-MS/MS. Sci Total Environ. 2014 Sep 
15;493:162-9. PubMed PMID: 24946029. Epub 2014/06/20. eng. 
12. M. Silvia Díaz-Cruz DB. Personal Care Products in the Aquatic Environment. Damià 
Barceló AGK, editor: Springer; 2015. 
13. Daughton CG, Ternes TA. Pharmaceuticals and personal care products in the 
environment: agents of subtle change? Environ Health Perspect. 1999 Dec;107 Suppl 6:907-38. 
PubMed PMID: 10592150. Pubmed Central PMCID: 1566206. 
14. Council Directive (76/768/EEC) of 27 July 1976 on the approximation of the laws of the 
Member States relating to cosmetic products, Annex I: Illustrative list of cosmetic products 
(1976). 
15. Boxall AB, Rudd MA, Brooks BW, Caldwell DJ, Choi K, Hickmann S, et al. Pharmaceuticals 
and personal care products in the environment: what are the big questions? Environ Health 
Perspect. 2012 Sep;120(9):1221-9. PubMed PMID: 22647657. Pubmed Central PMCID: 
PMC3440110. Epub 2012/06/01. eng. 
16. Daughton CG. Pharmaceuticals in the Environment: Overarching Issues and Overview. 
In: Daughton CGaJ-L, editor. Pharmaceuticals and Personal Care Products in the Environment: 
Scientific and Regulatory Issues. Symposium Series 791. Washington, D.C.: American Chemical 
Society; 2001 a). 
17. Daughton CG, editor PHARMACEUTICALS AND PERSONAL CARE PRODUCTS IN THE 
ENVIRONMENT: AN OVERVIEW - POLLUTION FROM PERSONAL ACTIONS, ACTIVITIES, AND 
BEHAVIORS. Presented at International Society of Exposure Analysis (ISEA) 2001 Conference - 
"Exposure Analysis: An Integral Part of Disease Prevention"; 2001 b) november 4-8; Charleston, 
SC. 
 86 
 
18. Brausch JM, Rand GM. A review of personal care products in the aquatic environment: 
environmental concentrations and toxicity. Chemosphere. 2011 Mar;82(11):1518-32. PubMed 
PMID: 21185057. Epub 2010/12/28. eng. 
19. Subedi B, Yun S, Jayaraman S, Bergen BJ, Kannan K. Retrospective monitoring of 
persistent organic pollutants, including PCBs, PBDEs, and polycyclic musks in blue mussels 
(Mytilus edulis) and sediments from New Bedford Harbor, Massachusetts, USA: 1991-2005. 
Environ Monit Assess. 2014 Aug;186(8):5273-84. PubMed PMID: 24781305. 
20. Shaath NA. On the Theory of Ultraviolet-Absorption by Sunscreen Chemicals. J Soc 
Cosmet Chem. 1987 May-Jun;38(3):193-207. PubMed PMID: WOS:A1987J489600006. English. 
21. Ramos S, Homem V, Alves A, Santos L. Advances in analytical methods and occurrence 
of organic UV-filters in the environment--A review. Sci Total Environ. 2015 Sep 1;526:278-311. 
PubMed PMID: 25965372. Epub 2015/05/13. eng. 
22. Gago-Ferrero P, Diaz-Cruz MS, Barcelo D. An overview of UV-absorbing compounds 
(organic UV filters) in aquatic biota. Anal Bioanal Chem. 2012 Nov;404(9):2597-610. PubMed 
PMID: 22669305. Epub 2012/06/07. eng. 
23. Comission E. Cosmetics 2016. Available from: 
http://ec.europa.eu/growth/sectors/cosmetics/index_en.htm. 
24. Regulation C. Regulation (EC) Nº 1223/2009 of the European Parliament of the Council 
of 30 November 2009 on Cosmetic Products, Annex VI: List of UV filters allowed in cosmetic 
products in Europe. 2009. 
25. IFRA. EU Regulation follows fragrance industry voluntary global ban. 2011. 
26. Lange C, Kuch B, Metzger JW. Occurrence and fate of synthetic musk fragrances in a 
small German river. Journal of Hazardous Materials. 2015 1/23/;282:34-40. 
27. Manova E, von Goetz N, Hauri U, Bogdal C, Hungerbuhler K. Organic UV filters in 
personal care products in Switzerland: a survey of occurrence and concentrations. Int J Hyg 
Environ Health. 2013 Jul;216(4):508-14. PubMed PMID: 23026542. Epub 2012/10/03. eng. 
28. Tsui MM, Leung HW, Lam PK, Murphy MB. Seasonal occurrence, removal efficiencies 
and preliminary risk assessment of multiple classes of organic UV filters in wastewater 
treatment plants. Water Res. 2014 Apr 15;53:58-67. PubMed PMID: 24503280. Epub 
2014/02/08. eng. 
29. Sobek A, Bejgarn S, Ruden C, Molander L, Breitholtz M. In the shadow of the Cosmetic 
Directive--inconsistencies in EU environmental hazard classification requirements for UV-filters. 
Sci Total Environ. 2013 Sep 1;461-462:706-11. PubMed PMID: 23770551. Epub 2013/06/19. eng. 
30. Shaath NA. Ultraviolet filters. Photoch Photobio Sci. 2010;9(4):464-9. PubMed PMID: 
WOS:000276190500007. English. 
31. Ramos S, Homem V, Alves A, Santos L. A review of organic UV-filters in wastewater 
treatment plants. Environ Int. 2016 Jan;86:24-44. PubMed PMID: 26479831. Epub 2015/10/20. 
eng. 
32. Bratkovics S, Wirth E, Sapozhnikova Y, Pennington P, Sanger D. Baseline monitoring of 
organic sunscreen compounds along South Carolina's coastal marine environment. Mar Pollut 
Bull. 2015 Dec 15;101(1):370-7. PubMed PMID: 26541983. 
33. Benede JL, Chisvert A, Giokas DL, Salvador A. Determination of ultraviolet filters in 
bathing waters by stir bar sorptive-dispersive microextraction coupled to thermal desorption-
gas chromatography-mass spectrometry. Talanta. 2016 Jan 15;147:246-52. PubMed PMID: 
26592603. Epub 2015/11/26. eng. 
34. Sanchez Rodriguez A, Rodrigo Sanz M, Betancort Rodriguez JR. Occurrence of eight UV 
filters in beaches of Gran Canaria (Canary Islands). An approach to environmental risk 
assessment. Chemosphere. 2015 Jul;131:85-90. PubMed PMID: 25792520. Epub 2015/03/21. 
eng. 
35. Sankoda K, Murata K, Tanihata M, Suzuki K, Nomiyama K, Shinohara R. Seasonal and 
diurnal variation of organic ultraviolet filters from personal care products used along the 
 87 
 
Japanese coast. Arch Environ Contam Toxicol. 2015 Feb;68(2):217-24. PubMed PMID: 25480128. 
Epub 2014/12/07. eng. 
36. Benede JL, Chisvert A, Salvador A, Sanchez-Quiles D, Tovar-Sanchez A. Determination of 
UV filters in both soluble and particulate fractions of seawaters by dispersive liquid-liquid 
microextraction followed by gas chromatography-mass spectrometry. Anal Chim Acta. 2014 Feb 
17;812:50-8. PubMed PMID: 24491764. Epub 2014/02/05. eng. 
37. Tsui MM, Leung HW, Wai TC, Yamashita N, Taniyasu S, Liu W, et al. Occurrence, 
distribution and ecological risk assessment of multiple classes of UV filters in surface waters 
from different countries. Water Res. 2014 Dec 15;67:55-65. PubMed PMID: 25261628. Epub 
2014/09/28. eng. 
38. Kotnik K, Kosjek T, Krajnc U, Heath E. Trace analysis of benzophenone-derived 
compounds in surface waters and sediments using solid-phase extraction and microwave-
assisted extraction followed by gas chromatography-mass spectrometry. Anal Bioanal Chem. 
2014 May;406(13):3179-90. PubMed PMID: 24682231. Epub 2014/04/01. eng. 
39. Paredes E, Perez S, Rodil R, Quintana JB, Beiras R. Ecotoxicological evaluation of four UV 
filters using marine organisms from different trophic levels Isochrysis galbana, Mytilus 
galloprovincialis, Paracentrotus lividus, and Siriella armata. Chemosphere. 2014 Jun;104:44-50. 
PubMed PMID: 24359924. Epub 2013/12/24. eng. 
40. Tashiro Y, Kameda Y. Concentration of organic sun-blocking agents in seawater of 
beaches and coral reefs of Okinawa Island, Japan. Mar Pollut Bull. 2013 Dec 15;77(1-2):333-40. 
PubMed PMID: 24139648. Epub 2013/10/22. eng. 
41. Tovar-Sanchez A, Sanchez-Quiles D, Basterretxea G, Benede JL, Chisvert A, Salvador A, et 
al. Sunscreen products as emerging pollutants to coastal waters. PLoS One. 2013;8(6):e65451. 
PubMed PMID: 23755233. Pubmed Central PMCID: 3673939. Epub 2013/06/12. eng. 
42. Magi E, Di Carro M, Scapolla C, Nguyen KTN. Stir Bar Sorptive Extraction and LC-MS/MS 
for Trace Analysis of UV Filters in Different Water Matrices. Chromatographia. 2012 Sep;75(17-
18):973-82. PubMed PMID: WOS:000308180100004. English. 
43. Roman IP, Chisvert A, Canals A. Dispersive solid-phase extraction based on oleic acid-
coated magnetic nanoparticles followed by gas chromatography-mass spectrometry for UV-
filter determination in water samples. J Chromatogr A. 2011 May 6;1218(18):2467-75. PubMed 
PMID: 21411104. 
44. Nguyen KTN, Scapolla C, Di Carro M, Magi E. Rapid and selective determination of UV 
filters in seawater by liquid chromatography–tandem mass spectrometry combined with stir 
bar sorptive extraction. Talanta. 2011 10/15/;85(5):2375-84. 
45. Bratkovics S, Sapozhnikova Y. Determination of seven commonly used organic UV filters 
in fresh and saline waters by liquid chromatography-tandem mass spectrometry. Analytical 
Methods. 2011;3(12):2943-50. 
46. Tarazona I, Chisvert A, Leon Z, Salvador A. Determination of hydroxylated 
benzophenone UV filters in sea water samples by dispersive liquid-liquid microextraction 
followed by gas chromatography-mass spectrometry. J Chromatogr A. 2010 Jul 
16;1217(29):4771-8. PubMed PMID: 20557889. 
47. Goksoyr A, Tollefsen KE, Grung M, Loken K, Lie E, Zenker A, et al. Balsa raft crossing the 
Pacific finds low contaminant levels. Environ Sci Technol. 2009 Jul 1;43(13):4783-90. PubMed 
PMID: 19673265. Epub 2009/08/14. eng. 
48. Rodil R, Quintana JB, Lopez-Mahia P, Muniategui-Lorenzo S, Prada-Rodriguez D. 
Multiclass determination of sunscreen chemicals in water samples by liquid chromatography-
tandem mass spectrometry. Anal Chem. 2008 Feb 15;80(4):1307-15. PubMed PMID: 18217772. 
Epub 2008/01/26. eng. 
49. Langford KH, Thomas KV. Inputs of chemicals from recreational activities into the 
Norwegian coastal zone. J Environ Monit. 2008 Jul;10(7):894-8. PubMed PMID: 18688459. Epub 
2008/08/09. eng. 
 88 
 
50. Giokas DL, Sakkas VA, Albanis TA, Lampropoulou DA. Determination of UV-filter 
residues in bathing waters by liquid chromatography UV-diode array and gas chromatography 
mass spectrometry after micelle mediated extraction-solvent back extraction. Journal of 
Chromatography A. 2005 Jun 3;1077(1):19-27. PubMed PMID: WOS:000229663400002. English. 
51. Tsui MM, Leung HW, Kwan BK, Ng KY, Yamashita N, Taniyasu S, et al. Occurrence, 
distribution and ecological risk assessment of multiple classes of UV filters in marine sediments 
in Hong Kong and Japan. J Hazard Mater. 2015 Jul 15;292:180-7. PubMed PMID: 25804793. Epub 
2015/03/26. eng. 
52. Sanchez-Quiles D, Tovar-Sanchez A. Sunscreens as a source of hydrogen peroxide 
production in coastal waters. Environ Sci Technol. 2014 Aug 19;48(16):9037-42. PubMed PMID: 
25069004. Epub 2014/07/30. eng. 
53. Homem V, Alves A, Alves A, Santos L. Ultrasound-assisted dispersive liquid–liquid 
microextraction for the determination of synthetic musk fragrances in aqueous matrices by gas 
chromatography–mass spectrometry. Talanta. 2016 2/1/;148:84-93. 
54. Silva ARM, Nogueira JMF. Stir-bar-sorptive extraction and liquid desorption combined 
with large-volume injection gas chromatography–mass spectrometry for ultra-trace analysis of 
musk compounds in environmental water matrices. Analytical and Bioanalytical Chemistry. 
2010;396(5):1853-62. 
55. Fent K, Zenker A, Rapp M. Widespread occurrence of estrogenic UV-filters in aquatic 
ecosystems in Switzerland. Environ Pollut. 2010 May;158(5):1817-24. PubMed PMID: 20004505. 
Epub 2009/12/17. eng. 
56. Bachelot M, Li Z, Munaron D, Le Gall P, Casellas C, Fenet H, et al. Organic UV filter 
concentrations in marine mussels from French coastal regions. Sci Total Environ. 2012 Mar 
15;420:273-9. PubMed PMID: 22330425. Epub 2012/02/15. eng. 
57. Cunha SC, Fernandes JO, Vallecillos L, Cano-Sancho G, Domingo JL, Pocurull E, et al. Co-
occurrence of musk fragrances and UV-filters in seafood and macroalgae collected in European 
hotspots. Environ Res. 2015 Nov;143(Pt B):65-71. PubMed PMID: 25985745. 
58. Cunha SC, Pena A, Fernandes JO. Dispersive liquid-liquid microextraction followed by 
microwave-assisted silylation and gas chromatography-mass spectrometry analysis for 
simultaneous trace quantification of bisphenol A and 13 ultraviolet filters in wastewaters. J 
Chromatogr A. 2015 Oct 2;1414:10-21. PubMed PMID: 26341596. 
59. Buser HR, Balmer ME, Schmid P, Kohler M. Occurrence of UV filters 4-
methylbenzylidene camphor and octocrylene in fish from various swiss rivers with inputs from 
wastewater treatment plants. Environmental Science & Technology. 2006 Mar 1;40(5):1427-31. 
PubMed PMID: WOS:000235796100015. English. 
60. Gago-Ferrero P, Alonso MB, Bertozzi CP, Marigo J, Barbosa L, Cremer M, et al. First 
determination of UV filters in marine mammals. Octocrylene levels in Franciscana dolphins. 
Environ Sci Technol. 2013 Jun 4;47(11):5619-25. PubMed PMID: 23627728. Epub 2013/05/01. 
eng. 
61. Langford KH, Reid MJ, Fjeld E, Oxnevad S, Thomas KV. Environmental occurrence and 
risk of organic UV filters and stabilizers in multiple matrices in Norway. Environment 
International. 2015 Jul;80:1-7. PubMed PMID: WOS:000355062800001. English. 
62. Gago-Ferrero P, Diaz-Cruz MS, Barcelo D. Multi-residue method for trace level 
determination of UV filters in fish based on pressurized liquid extraction and liquid 
chromatography-quadrupole-linear ion trap-mass spectrometry. J Chromatogr A. 2013 Apr 
19;1286:93-101. PubMed PMID: 23499254. 
63. Mottaleb MA, Usenko S, O'Donnell JG, Ramirez AJ, Brooks BW, Chambliss CK. Gas 
chromatography-mass spectrometry screening methods for select UV filters, synthetic musks, 
alkylphenols, an antimicrobial agent, and an insect repellent in fish. J Chromatogr A. 2009 Jan 
30;1216(5):815-23. PubMed PMID: 19100555. 
 89 
 
64. Zenker A, Schmutz H, Fent K. Simultaneous trace determination of nine organic UV-
absorbing compounds (UV filters) in environmental samples. J Chromatogr A. 2008 Aug 
15;1202(1):64-74. PubMed PMID: 18632108. Epub 2008/07/18. eng. 
65. Saraiva M, Cavalheiro J, Lanceleur L, Monperrus M. Synthetic musk in seafood products 
from south Europe using a quick, easy, cheap, effective, rugged and safe extraction method. 
Food Chemistry. 2016 6/1/;200:330-5. 
66. Ziarrusta H, Olivares M, Delgado A, Posada-Ureta O, Zuloaga O, Etxebarria N. 
Multiscreening determination of organic pollutants in molluscs using matrix solid phase 
dispersion. Journal of Chromatography A. 2015 4/24/;1391:18-30. 
67. Nakata H, Shinohara R, Nakazawa Y, Isobe T, Sudaryanto A, Subramanian A, et al. Asia-
Pacific mussel watch for emerging pollutants: Distribution of synthetic musks and benzotriazole 
UV stabilizers in Asian and US coastal waters. Mar Pollut Bull. 2012 Oct;64(10):2211-8. PubMed 
PMID: 22910332. 
68. Nakata H. Occurrence of synthetic musk fragrances in marine mammals and sharks from 
Japanese coastal waters. Environ Sci Technol. 2005 May 15;39(10):3430-4. PubMed PMID: 
15952346. 
69. Saraiva M, Cavalheiro J, Lanceleur L, Monperrus M. Synthetic musk in seafood products 
from south Europe using a quick, easy, cheap, effective, rugged and safe extraction method. 
Food Chem. 2016 Jun 1;200:330-5. PubMed PMID: 26830596. Epub 2016/02/03. eng. 
70. Vallecillos L, Pocurull E, Borrull F. Influence of pre-treatment process on matrix effect 
for the determination of musk fragrances in fish and mussel. Talanta. 2015 Mar;134:690-8. 
PubMed PMID: 25618723. 
71. Reiner JL, Kannan K. Polycyclic Musks in Water, Sediment, and Fishes from the Upper 
Hudson River, New York, USA. Water, Air, & Soil Pollution. 2011;214(1):335-42. 
72. Ramirez AJ, Brain RA, Usenko S, Mottaleb MA, O'Donnell JG, Stahl LL, et al. Occurrence 
of pharmaceuticals and personal care products in fish: results of a national pilot study in the 
United States. Environ Toxicol Chem. 2009 Dec;28(12):2587-97. PubMed PMID: 19320536. 
73. Shek WM, Murphy MB, Lam JC, Lam PK. Polycyclic musks in green-lipped mussels (Perna 
viridis) from Hong Kong. Mar Pollut Bull. 2008;57(6-12):373-80. PubMed PMID: 18384818. Epub 
2008/04/04. eng. 
74. Kim S, Jung D, Kho Y, Choi K. Effects of benzophenone-3 exposure on endocrine 
disruption and reproduction of Japanese medaka (Oryzias latipes)--a two generation exposure 
study. Aquat Toxicol. 2014 Oct;155:244-52. PubMed PMID: 25064457. 
75. Danovaro R, Bongiorni L, Corinaldesi C, Giovannelli D, Damiani E, Astolfi P, et al. 
Sunscreens cause coral bleaching by promoting viral infections. Environ Health Perspect. 2008 
Apr;116(4):441-7. PubMed PMID: 18414624. Pubmed Central PMCID: 2291018. Epub 
2008/04/17. eng. 
76. Kunz PY, Fent K. Multiple hormonal activities of UV filters and comparison of in vivo and 
in vitro estrogenic activity of ethyl-4-aminobenzoate in fish. Aquat Toxicol. 2006 Oct 
12;79(4):305-24. PubMed PMID: 16911836. 
77. Wollenberger L, Breitholtz M, Ole Kusk K, Bengtsson BE. Inhibition of larval 
development of the marine copepod Acartia tonsa by four synthetic musk substances. Sci Total 
Environ. 2003 Apr 15;305(1-3):53-64. PubMed PMID: 12670757. 
78. Hoeger B, van den Heuvel MR, Hitzfeld BC, Dietrich DR. Effects of treated sewage 
effluent on immune function in rainbow trout (Oncorhynchus mykiss). Aquat Toxicol. 2004 Dec 
20;70(4):345-55. PubMed PMID: 15588644. 
79. Schreurs RH, Legler J, Artola-Garicano E, Sinnige TL, Lanser PH, Seinen W, et al. In vitro 
and in vivo antiestrogenic effects of polycyclic musks in zebrafish. Environ Sci Technol. 2004 Feb 
15;38(4):997-1002. PubMed PMID: 14998010. 
80. Luckenbach T, Epel D. Nitromusk and polycyclic musk compounds as long-term 
inhibitors of cellular xenobiotic defense systems mediated by multidrug transporters. Environ 
 90 
 
Health Perspect. 2005 Jan;113(1):17-24. PubMed PMID: 15626642. Pubmed Central PMCID: 
1253704. 
81. Balk F, Ford RA. Environmental risk assessment for the polycyclic musks AHTN and HHCB 
in the EU. I. Fate and exposure assessment. Toxicol Lett. 1999 Dec 20;111(1-2):57-79. PubMed 
PMID: 10630703. 
82. Klimová Z. HJ, Pažoureková S. . Current problems in the use of organic UV fi lters to 
protect skin from excessive sun exposure. Acta Chimica Slovaca. 2013;6(1):82-8. 
83. Gilbert E, Pirot F, Bertholle V, Roussel L, Falson F, Padois K. Commonly used UV filter 
toxicity on biological functions: review of last decade studies. Int J Cosmet Sci. 2013 
Jun;35(3):208-19. PubMed PMID: 23237547. Epub 2012/12/15. eng. 
84. Krause M, Klit A, Blomberg Jensen M, Soeborg T, Frederiksen H, Schlumpf M, et al. 
Sunscreens: are they beneficial for health? An overview of endocrine disrupting properties of 
UV-filters. Int J Androl. 2012 Jun;35(3):424-36. PubMed PMID: 22612478. Epub 2012/05/23. 
eng. 
85. Lu Y, Yuan T, Wang W, Kannan K. Concentrations and assessment of exposure to 
siloxanes and synthetic musks in personal care products from China. Environ Pollut. 2011 
Dec;159(12):3522-8. PubMed PMID: 21899935. Epub 2011/09/09. Eng. 
86. Kannan K, Reiner JL, Yun SH, Perrotta EE, Tao L, Johnson-Restrepo B, et al. Polycyclic 
musk compounds in higher trophic level aquatic organisms and humans from the United States. 
Chemosphere. 2005 11//;61(5):693-700. 
87. Rimkus GG, Wolf M. Polycyclic musk fragrances in human adipose tissue and human 
milk. Chemosphere. 1996 Nov;33(10):2033-43. PubMed PMID: 8930104. 
88. Duedahl-Olesen L, Cederberg T, Pedersen KH, Hojgard A. Synthetic musk fragrances in 
trout from Danish fish farms and human milk. Chemosphere. 2005 Oct;61(3):422-31. PubMed 
PMID: 16182860. 
89. Rodriguez-Gomez R, Zafra-Gomez A, Dorival-Garcia N, Ballesteros O, Navalon A. 
Determination of benzophenone-UV filters in human milk samples using ultrasound-assisted 
extraction and clean-up with dispersive sorbents followed by UHPLC-MS/MS analysis. Talanta. 
2015 Mar;134:657-64. PubMed PMID: 25618719. Epub 2015/01/27. eng. 
90. Schlumpf M, Kypke K, Wittassek M, Angerer J, Mascher H, Mascher D, et al. Exposure 
patterns of UV filters, fragrances, parabens, phthalates, organochlor pesticides, PBDEs, and 
PCBs in human milk: correlation of UV filters with use of cosmetics. Chemosphere. 2010 
Nov;81(10):1171-83. PubMed PMID: 21030064. Epub 2010/10/30. eng. 
91. Peck AM. Analytical methods for the determination of persistent ingredients of personal 
care products in environmental matrices. Anal Bioanal Chem. 2006 Oct;386(4):907-39. PubMed 
PMID: 17047946. 
92. Gago-Ferrero P, Mastroianni N, Diaz-Cruz MS, Barcelo D. Fully automated determination 
of nine ultraviolet filters and transformation products in natural waters and wastewaters by on-
line solid phase extraction-liquid chromatography-tandem mass spectrometry. J Chromatogr A. 
2013 Jun 14;1294:106-16. PubMed PMID: 23659979. Epub 2013/05/11. eng. 
93. Gómez MJ, Gómez-Ramos MM, Agüera A, Mezcua M, Herrera S, Fernández-Alba AR. A 
new gas chromatography/mass spectrometry method for the simultaneous analysis of target 
and non-target organic contaminants in waters. Journal of Chromatography A. 2009 
5/1/;1216(18):4071-82. 
94. Sanchez-Brunete C, Miguel E, Albero B, Tadeo JL. Analysis of salicylate and 
benzophenone-type UV filters in soils and sediments by simultaneous extraction cleanup and 
gas chromatography-mass spectrometry. J Chromatogr A. 2011 Jul 15;1218(28):4291-8. PubMed 
PMID: 21636087. Epub 2011/06/04. eng. 
95. Kameda Y, Kimura K, Miyazaki M. Occurrence and profiles of organic sun-blocking 
agents in surface waters and sediments in Japanese rivers and lakes. Environ Pollut. 2011 
Jun;159(6):1570-6. PubMed PMID: 21429641. Epub 2011/03/25. eng. 
 91 
 
96. Wu JW, Chen HC, Ding WH. Ultrasound-assisted dispersive liquid-liquid microextraction 
plus simultaneous silylation for rapid determination of salicylate and benzophenone-type 
ultraviolet filters in aqueous samples. J Chromatogr A. 2013 Aug 9;1302:20-7. PubMed PMID: 
23831000. 
97. da Silva CP, Emidio ES, de Marchi MR. The occurrence of UV filters in natural and 
drinking water in Sao Paulo State (Brazil). Environ Sci Pollut Res Int. 2015 Dec;22(24):19706-15. 
PubMed PMID: 26278906. Epub 2015/08/19. eng. 
98. Rodil R, Moeder M. Development of a method for the determination of UV filters in 
water samples using stir bar sorptive extraction and thermal desorption-gas chromatography-
mass spectrometry. J Chromatogr A. 2008 Feb 1;1179(2):81-8. PubMed PMID: 18096171. Epub 
2007/12/22. eng. 
99. Jimenez-Diaz I, Zafra-Gomez A, Ballesteros O, Navalon A. Analytical methods for the 
determination of personal care products in human samples: an overview. Talanta. 2014 
Nov;129:448-58. PubMed PMID: 25127618. Epub 2014/08/17. eng. 
100. Cuderman P, Heath E. Determination of UV filters and antimicrobial agents in 
environmental water samples. Anal Bioanal Chem. 2007 Feb;387(4):1343-50. PubMed PMID: 
17136341. 
101. Negreira N, Rodriguez I, Ramil M, Rubi E, Cela R. Sensitive determination of salicylate 
and benzophenone type UV filters in water samples using solid-phase microextraction, 
derivatization and gas chromatography tandem mass spectrometry. Anal Chim Acta. 2009 Apr 
6;638(1):36-44. PubMed PMID: 19298877. 
102. Gago-Ferrero P, Diaz-Cruz MS, Barcelo D. Liquid chromatography-tandem mass 
spectrometry for the multi-residue analysis of organic UV filters and their transformation 
products in the aquatic environment. Analytical Methods. 2013;5(2):355-66. 
103. Pedrouzo M, Borrull F, Marce RM, Pocurull E. Stir-bar-sorptive extraction and ultra-high-
performance liquid chromatography-tandem mass spectrometry for simultaneous analysis of 
UV filters and antimicrobial agents in water samples. Anal Bioanal Chem. 2010 Aug;397(7):2833-
9. PubMed PMID: 20428847. 
104. Pedrouzo M, Borrull F, Marce RM, Pocurull E. Ultra-high-performance liquid 
chromatography-tandem mass spectrometry for determining the presence of eleven personal 
care products in surface and wastewaters. Journal of Chromatography A. 2009 Oct 
16;1216(42):6994-7000. PubMed PMID: WOS:000270750900003. English. 
105. Ma B, Lu G, Liu F, Nie Y, Zhang Z, Li Y. Organic UV Filters in the Surface Water of Nanjing, 
China: Occurrence, Distribution and Ecological Risk Assessment. Bull Environ Contam Toxicol. 
2016 Jan 9. PubMed PMID: 26747437. 
106. Kasprzyk-Hordern B, Dinsdale RM, Guwy AJ. Multiresidue methods for the analysis of 
pharmaceuticals, personal care products and illicit drugs in surface water and wastewater by 
solid-phase extraction and ultra performance liquid chromatography-electrospray tandem mass 
spectrometry. Anal Bioanal Chem. 2008 Jun;391(4):1293-308. PubMed PMID: 18253724. 
107. Swartz ME. UPLC™: An Introduction and Review. J Liq Chromatogr R T. 2005 
2005/04/01;28(7-8):1253-63. 
108. Zhang Z, Ren N, Li YF, Kunisue T, Gao D, Kannan K. Determination of benzotriazole and 
benzophenone UV filters in sediment and sewage sludge. Environ Sci Technol. 2011 May 
1;45(9):3909-16. PubMed PMID: 21480589. Epub 2011/04/13. eng. 
109. Rodil R, Schrader S, Moeder M. Non-porous membrane-assisted liquid-liquid extraction 
of UV filter compounds from water samples. J Chromatogr A. 2009 Jun 12;1216(24):4887-94. 
PubMed PMID: 19419722. Epub 2009/05/08. eng. 
110. Rodil R, Schrader S, Moeder M. Comparison of atmospheric pressure photoionization 
and electrospray ionization mass spectrometry for the analysis of UV filters. Rapid Commun 
Mass Spectrom. 2009 Mar;23(5):580-8. PubMed PMID: 19165778. Epub 2009/01/24. eng. 
 92 
 
111. Negreira N, Rodriguez I, Ramil M, Rubi E, Cela R. Solid-phase extraction followed by 
liquid chromatography-tandem mass spectrometry for the determination of hydroxylated 
benzophenone UV absorbers in environmental water samples. Anal Chim Acta. 2009 Nov 
10;654(2):162-70. PubMed PMID: 19854348. 
112. Gago-Ferrero P, Diaz-Cruz MS, Barcelo D. Occurrence of multiclass UV filters in treated 
sewage sludge from wastewater treatment plants. Chemosphere. 2011 Aug;84(8):1158-65. 
PubMed PMID: 21530995. Epub 2011/05/03. eng. 
113. Wick A, Fink G, Ternes TA. Comparison of electrospray ionization and atmospheric 
pressure chemical ionization for multi-residue analysis of biocides, UV-filters and 
benzothiazoles in aqueous matrices and activated sludge by liquid chromatography-tandem 
mass spectrometry. J Chromatogr A. 2010 Apr 2;1217(14):2088-103. PubMed PMID: 20202641. 
114. Jurado A, Gago-Ferrero P, Vazquez-Sune E, Carrera J, Pujades E, Diaz-Cruz MS, et al. 
Urban groundwater contamination by residues of UV filters. J Hazard Mater. 2014 Apr 
30;271:141-9. PubMed PMID: 24632366. Epub 2014/03/19. eng. 
115. Rodil R, Quintana JB, Lopez-Mahia P, Muniategui-Lorenzo S, Prada-Rodriguez D. Multi-
residue analytical method for the determination of emerging pollutants in water by solid-phase 
extraction and liquid chromatography-tandem mass spectrometry. J Chromatogr A. 2009 Apr 
3;1216(14):2958-69. PubMed PMID: 18834589. Epub 2008/10/07. eng. 
116. Cunha SC, Cunha C, Ferreira AR, Fernandes JO. Determination of bisphenol A and 
bisphenol B in canned seafood combining QuEChERS extraction with dispersive liquid–liquid 
microextraction followed by gas chromatography–mass spectrometry. Analytical and 
Bioanalytical Chemistry. 2012;404(8):2453-63. 
117. Martínez Bueno MJ, Boillot C, Fenet H, Chiron S, Casellas C, Gómez E. Fast and easy 
extraction combined with high resolution-mass spectrometry for residue analysis of two 
anticonvulsants and their transformation products in marine mussels. Journal of 
Chromatography A. 2013 8/30/;1305:27-34. 
118. SANCO/10684/2009. Method validation and Quality Control procedure for pesticides 
residues analysis in food and feed. Document No SANCO/10684/2009. 2010. 
119. Vallecillos L, Pocurull E, Borrull F. Influence of pre-treatment process on matrix effect 
for the determination of musk fragrances in fish and mussel. Talanta. 2015 3/1/;134:690-8. 
120. Silva LJ, Martins MC, Pereira AM, Meisel LM, Gonzalez-Rey M, Bebianno MJ, et al. 
Uptake, accumulation and metabolization of the antidepressant fluoxetine by Mytilus 
galloprovincialis. Environ Pollut. 2016 Jun;213:432-7. PubMed PMID: 26946178. Epub 
2016/03/08. Eng. 
121. Cunha SC, Fernandes JO, Oliveira MBPP. Fast analysis of multiple pesticide residues in 
apple juice using dispersive liquid–liquid microextraction and multidimensional gas 
chromatography–mass spectrometry. Journal of Chromatography A. 2009 
12/18/;1216(51):8835-44. 
122. Bester K. Analysis of musk fragrances in environmental samples. J Chromatogr A. 2009 
Jan 16;1216(3):470-80. PubMed PMID: 18786673. Epub 2008/09/13. Eng. 
123. Commission E. Chemicals/REACH: six dangerous substances to be phased out by the EU. 
2011. 
124. Balmer ME, Buser HR, Poiger T. Entry pathways of UV filters from sunscreens to Swiss 
lakes. Chimia. 2006;60(1-2):95-. PubMed PMID: WOS:000235891500021. English. 
125. Sanchez-Quiles D, Tovar-Sanchez A. Are sunscreens a new environmental risk associated 
with coastal tourism? Environ Int. 2015 Oct;83:158-70. PubMed PMID: 26142925. Epub 
2015/07/06. eng. 
126. Rocha MJ, Ribeiro M, Ribeiro C, Couto C, Cruzeiro C, Rocha E. Endocrine disruptors in the 
Leça River and nearby Porto Coast (NW Portugal): presence of estrogenic compounds and 
hypoxic conditions. Toxicological & Environmental Chemistry. 2012 2012/02/01;94(2):262-74. 
127. Lillebo AI. DPSIR framework for assessing mercury pollution in Ria de Aveiro, Portugal. 
 93 
 
 
 
